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TO THE STUDENT: HOW TO USE THIS MANUAL 


This "Solutions Manual" is designed to support the textbook "Introduction to 
College Chemistry," 4"" ed. by Drew Wolfe. 


This manual only addresses those answers to exercises that are indicated by 
bold numbers at the end of each chapter in the textbook. Solutions are provided in 
this manual for the answers appearing in Appendix D. The answers not in Appendix D 
are also provided in this manual. 


The factor-label method described in Section 2.3 of the textbook is used 
whenever possible to solve numerical exercises. In many instances, hints and/or 
directions are given to get the student started on the solution to a difficult problem. 
These solutions should be treated as a last resort, and consulted only after honest 
efforts have failed to produce a satisfactory solution. If an exercise cannot be solved, 
and the solution is not given, the solution to a similar exercise should be consulted for 
guidance. 


Remember that in many cases, several methods can result in the correct 
answer. If your answer disagrees with the one in the textbook or "Solutions Manual" 
only in the last digit, the solution is probably correct. The difference most likely results 
from the method used to round off atomic masses or constants. 
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CHAPTER TWO 


PROBLEM SOLVING IN CHEMISTRY 


(a) An observed color is a fact. 

(b) A fact, or could also be considered a theory. 

(c) This is a model based on evidence that has been discovered. It can not be 
tested by experiments but can be used to explain what has been found. 


Like all theories, it should not be considered as being right or wrong, but 
rather as useful. 


(d) fact (e)theory (f) theory (g) law 
(a) What is unknown? Number of miles traveled 
What is known? 47 miles/I gallon, 12 gallons 
12 galtons x 47 miles = 564 miles 
T gatten 


(b) What is unknown? Number of gallons 
What in known? 164.5 miles, 47 miles/I gallon - .  ~ 


164.5 mites x i allon = 3.5 gallons 


(a) What is unknown? Number of seconds 
What is known? 8 minutes, 60 seconds/| minute 


8 minutes X o2 seconas ads = 480 seconds 


(b) What is unknown? Number of years 
What is known? 253 days, 365 days/I year 


253 days x seneas = 0.693 years 


(c) What is unknown? Number of centuries 
What is known? 9 decades, 10 decade/| century 


9 decacles X pee = 0.9 centuries 


(d) What is unknown? Number of dozen apples 
What is known? 5184 apples, 12 apples/I dozen apples 


5184 apptes x 1 dgzen apples = 432 dozen apples 
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(a) What is unknown? Number of seconds 
What is known? 5.00 minutes, 60 seconds/| minute 


5.00 minvtes X £0 seconds = 300 seconds 


(b) What is known? 0.850 minutes, 60 seconds/I minute 
: 60 seconds — 
0.850 minvtes x ee ke seconds 


(c) What is known? 1.25 hours, 60 minutes/1 hour, 60 seconds/1 minute 
60 minutes , 60 seconds — 
1.25 hours x Tee or seni 4,500 seconds 


(d) What is known? 3.1 days, 24 hours/1 day, 60 minutes/1 hour, 60 
seconds/1 minute 
24 hours yx 60 minvtes x oo seconds — 
3.1 days x ore oT 267,840 seconds 


(b) What is unknown? Number of hours 
What in known? 25 years, 365 days/1 year 


365 24 hours — 
25 years x 1 x “haa 219,000 hours 





(d) What is unknown? Number of seconds 
What is known? 25 years, 365 days/1 year, 24 hours/1 day, 
60 minutes/1 hour, 60 seconds/1 minute 


365 24 hours 5, 60 minutes , 60 seconds 
25 years x 3¢5-days x 24 hours x 60 minutes x 60-seconds 


_ = 788,400,000 seconds 
(a)9,125 days  (c) 13,140,000 minutes 


(a) What is unknown? Number of years 
What is known? 9641 hours, 24 hours/1 day, 365 days/1 year 


9641 hours x » | dey x sore = 1.101 years 


(b) What is unknown? Number of decades 
What is known? 6505 days, 365 days/1 year, 10 years/1 decade 


6505 days x sess x I decade = 1.782 decades 


(d) What is unknown? Number of days 
What is known? 915,000 seconds, 60 seconds/1 minute, - 
60 minutes/1 hour, “ Ce day 


915,000 seconds x 20 nts - X gol hour _ x | floy = 10.6 days 
(c) 438,000 days (e) 0.274 millennia . 


2.27 (a) What is unknown? Number of drams/pound 
What is known? 16 ounces/1 pound, 16 drams/1 ounce 


16 ounces y 16 drams — 256 drams 
| pound ; ounce poun 


(b) What is unknown? Number of grains/pound 
What is known? 16 ounces/1 pound, 16 drams/1 ounce, 
16 drams/437.5 grains 
16 ounces y 16 drams y 437.5 grains — 7,000 grains 
| pound *-Teunee * ea rerisd pound 
(c) What is unknown? Number of drams/grain 
What is known? 16 drams/437.5 grains 


i6drams__ — 0.0366 drams 
437.5 grains grain 


2.29 (a) What is unknown? cost, in $ 
What is known? 6 bananas, 9 bananas/2.9 Ibs, $0.35/1 Ib 


2.9 tb Osos 
6 banemeas X 5p x : $0.68 85 
(b) What is unknown? Number of dozens of bananas 
What is known? $12.40, $0.35 cents/1 Ib, 9 bananas/2.9 Ib, 
/ ¥2 bananas/1 dozen 
Lt 9 bananes ldozen_ = 
$12.40 x 50.35 x SRS x eens 9.16 dozen 


(c) What is unknown? cost, in cents 
What is known? 1 banana, 9 bananas/2.9 Ib, 35 cents/1 Ib 


1 banana x > fe x $0.35, = $0.11 


2.30 (a) What is unknown? Number of miles/gallon 
What is known? 1317 miles, 49 gallons 
— 27 miles 


1 
1317 miles x Zo gallons * galun® 


(d) What is unknown? Cost, in $ 
What is known? 49 gallons, $1.05/1 gallon 


LOS. = 
49 gations x See $51.45 


(b) 0.037 gallons\mile —(c) $3.91 
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(a) What is unknown? Coast in dollars 
What is known? 34 paper clips, 0.79 dollars/IOO paper clips 


34 paper-clips x 0.79 = $0.27 


(b) What is unknown? Cost, in $ 
What is known? 1 paper clip, $0.79 dollars/lI0O paper clips 


: 0.79 = 
1 paper-chp x TOU pseceips $0.0079 


(c) $6.08/pound (d) 62 boxes (e) 8.9 pounds 


(a) What is unknown? Number of seconds 
What is known? 75 years, 365 days/1 year, 24 hours/1 day, 
60 minutes/1 hour, 60 seconds/1 minute 


365 24 hours <x 60 minutes , 60 seconds 
75 years x 309-days x 24 hours ene Sees 


= 2,365,200,000 seconds 
(b) What is unknown? Number of decades 
What is known? 75 years, 10 years/1 decade 


75 years X decade = 7.5 decades 


(c) What is unknown? Number of days 
What is known? 75 years, 365 days/1 year 


365 days — 
75 years X 4 ee 27,375 days 


2.34 (a) What is unknown? Number of rods/furlong 


What is known? 660 feet/1 furlong, 198 inches/1 rod, 12 inches/1 foot 


660 feet ,, 12 inches 1 rod — 40 rods 
| furlong Aah e 198 inches ~ furlong 
(c) What is unknown? Number of rods 
What is known? 1 fathom, 6 feet/I fathom, 660 feet/1 furlong, 
198 inches/ 1 rod, 12 inches/1 foot 


1 fathom x 12 inches x __1 rod = 0.3636 rods 


6 feet_ x 
T fathom | feet 198 inches 
(b) 50 furlongs  (d) 0.22 yards 


2.37 (a) What is unknown? Number of miles 
What is known? 0.23 days, 24 hours/1 day, 60 minutes/1 hour, 
60 seconds/1 minute, 186,000 miles/1 second 


24 hours , 60 minutes 80 seconds » 8 
0.23 days x 2t pours x OO minutes x eo x 186,000 mites 
= 3,700,000,000 miles 
(b) What is unknown? Number of miles 
What is known? 1 year, 365 days/1 year, 24 hours/1 day, 
60 minutes/1 hour, 60 seconds/1 minute, 186,000 miles/1 second 
1 year x $9 aoe x 2 wee 3 Poe ears 


189.000 miles =5 900,000,000,000 miles 


This distance is called a light year. 


2.39 (a) What is unknown? Number of acres 
What is known? 571,000 miles’, 43,560 ft?/1 acre, 5,280 ft/1 mile 
so there are 5280” 2/1 mile?” 


00 miles? x 5280 f? . _lacre_ — 365 000,000 
571,000 vseu 73,560 rr acres 


(b) What is unknown? reiee of ft? 
What is known? 571,000 miles”, 5280? ff?/1 mile” 


571,000 miles? x 5280 ff ft? = 15,900,000,000,000 #? 


/ 


(c) What is unknown? Number of in? 
What is known? 571,000 miles, 5280 ft?/1 mile’, 127 in’/1 ft? 


571,000 mites? x 5.280 a x 12 in’ = 2,290,000,000,000,000 in? 
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CHAPTER THREE 


CHEMICAL MEASUREMENT 


(a) A centigram balance measures to 0.1 g; an analytical balance measures to 
0.0001 g. The analytical balance is more precise. 

(c) A large graduated cylinder such as 500 mL measures to 1 mL; a small 
graduated cylinder such as 10 mL measures 0.01 mL. The small graduated 
cylinder is more precise. 

(b) Pipet, + 0.01 mL = (d) Volumetric flask, + 0.01 mL 


(a) 5, All are significant. 

(b) 7, All are significant. 

(c) 2, The two zeros are placeholders and are not significant. 

(g) 6, The three leading zeros are placeholders and are not significant. 

(i) 1, Only the 5 is significant. 10° represents a placeholder and is not 
significant. 


()5 (e)4 (6 (h)1 (i) 3 


The least significant figure is always the smallest place (furthest to the 
right). Only zeros that are placeholders are nonsignificant. 
(a) 4 (b)lastO (c)}8 (d)lastO (e)lastO (f)lastO  (g) last O 
(hy2 (JO (i) 5 


(d) 0.001 (e)5 x 10? (f) 0.000000002 (h) 0.002 (I) 9 x 10! 


(a) 194.6 - 4 < 5 so retain the 6 

(c) 962.2 - Since the 5 is followed by a 3, add 1 to the least significant figure 
making it a 2. 

(e) 9.997 x 10"! - Since the 5 is followed by 0004, add 1 to the least 
significant figure making in a 7. The exponent of 10 is required to show the 
correct placement of the decimal. 

(b) 11.00 (d) 0.6591 


(a)9 x 10* (b)9.0 x 10* (d) 9.000 x 104 
(a) 4.8 g - The least significant figure is the tenths place in 2.5. 
(b) 43.87 mL - The least significant figure is in the hundredths place in 11.87 


(d) 756.87 m - The least significant figure is in the hundredths place in 91.15. 
(c) 18.187 g 


(a) 97.3 mL - The least significant figure is in the tenths place in 56.9. 
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(c) 0.034 g - The least significant figure is in the thousandths place in both 
numbers. 


(b) 0.168 cm = (d) 69.2 mm 


(b) 5.9 x 10° s? - The least number of significant figures is two in 8.1. Scientific 
notation is necessary to correctly place the decimal. 


(c) 54 cm? - The smallest number of significant figures is two in 9.9. 
(a) 0.5 g? = (d) 4.470 kg? 


(a) 6.6 g/mL - The least number of significant figures is two in 1.4. 


(c) 1 x 107° m/s - The least number of significant figures is one in 4 x 10°. 
(b) 174.8 (d) 7.6 x 104 g/cm? 


(a) 133 x 534.00 = 7.10 x 104, 9.1 + 0.4543 = 9.6 
7.10 x 104/9.6 = 7.4 x 104 


(b) 0.286, 154.7325 — 154.7036 = 0.0289 which contains three significant 
figures. 
(c) 0.00702 


(b) 1669 em x 7h = 16.69 m 
(<) 4.3 km x 1900-m x 100-cm = 4.3 x 10° cm 


1,000,000m yx _1km_ — : 
() 74.6 Mm x LOS x aL km = 7.46 x 10¢ km 
(a) 9.1 x 10‘mm = (d) 6.8 x 10? pm = (e) 3.580 x 10° nm 





(9) 1 mi x 1.909. km x 10¢0-m =2x10?m 
b -» 52808, Zin = 6: 
(b) 23 mi x S280 x Tet = 1.5 x 10° in 


(d) 56 mi x 1.609 km x 1900'm x 100) mm = 9.0 x 10? mm 


(f) 486.0 mi x 1.609 4m x 1900 m x oom = 0:7820 Mm 


(c) 9.8 x 10°cm = (e) 1.13 X 10° km 


(a) 19 in x ft x Limi. x L609 km = 0.00048 km 


(b) 36.9 ft x Lyd x 0.9144 m x Oem = 1.12x 104mm 
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(c) 5 f 10 in = 70 in 
: 2.54 em ene? na 
1 OT Se eae 1.8m 
(d)124.4m  (e)3.8x10*nm_ (f) 5.6566 x 107? mm 
130 th x 0.454 kg = 59 kg 
7H 67" : 2.54cem — 
5°7 fo! Orn 170 cm 
37 in x 2.54cm = 94 cm 
1 tn 
30.in x 254M = 76cm 
1 tm 


35 in x 254M = 89 cm 
1m 


(b) 74 mg x TOO = 0.074g 


(C) 9.7115 x 10"? te x | x ko = 9711.5k 
a? PET tne 1000s : 


(f) 45.2 x 1019 x le x 1 Mg = 4.52 x 10!""'M 
ee oe 1000 mg 1x 10°g - 
(h) 8.395 x 108g x — = 8.395 x 10" cg 


(a) 5.873 x 107mg (d) 1.293 x 10 pg (e) 4.38 x 10°yg (g) 0.22 dg 


(6) 6186 oz x te x 453.69 x on = 1.754 x 10° mg 


(4) 12.033 th x 453.59 ¢ x 100cq = 5 458] x 105 
Tbr alee cg 
9 
(€) 8.43 x 10° tb x 4345 x tong = 3.83 x 10° ng 
(a) 2.4 x 104g (c)0.9879 Mg (f) 1.12 x 10"* dg 
(a) K = °C + 273.15 = 11 + 273.15 = 284K 


(c) K = °C + 273.15 = -235.6 + 273.15 = 37.6K 
(b)212K (d) 275.19 K 


(a) °C = K~ 273.15 = 88 - 273.15 = -1.9 x 102°C 
(d) °C = K-273.15 = 3221 ~ 273.15 = 2948°C 
(b) 41.6°C  (c) -272.76°C 
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(b) °C = 5/9(°F - 32) = 5/9(-77.7 — 32) = -60.94°C 
(c) °C = 5/9(°F - 32) = 5/9(1466 - 32) = 796.7°C 
(a) 25.4°C (d) -273°C 


(a) °F = 9/5°C + 32 = 9/5(77.7) + 32 = 172°F 
(d) °F = 9/5°C + 32 = 9/5(-140.0) + 32 = -220.0°F 
(b)-108°F —(c) 2671°F 


(c) °C = K— 273.15 = 1111.11 — 273.15 = 837.96°C 
°F = 9/5°C + 32 = 9/5(837.96) + 32 = 1540.3°F 
(d) °C = K- 273.15 = 0.89 — 273.15 = -272.26°C 
°F = 9/5°C + 32 = 9/5(-272.26) + 32 = -458.07°F 
(a) -195.4°C = -319.8°F (b) -174.6°C = -282.2°F 


We are asked to find the temperature at which °C = °F. 
°C = °F=x 
°C = 5/9(°F - 32) BOSS 
x = 5/9(x -32) 
x = 5x/9 —- 17.8 
, AX/9 = -17.8 
x = -40.0 


a __ Im, 100cm — 
(9) 934 men x Tego mm * len 93.4 cm 
2.1cm x 0.54 cm X 93.4 cm = 1.1 Xx 10? cm? 


(b) 1.1 x 10? em? x — Lm’, x 10° dm" = 0.11 dm® 


(c) 1.1.x 102? mL (d) 0.17 L 





b 1 em? 1m =12x1l10° 3 


(c) 73.570 mt x x Lx 10" ub = 73570 ul 


1t 
T000 mE 
7 Tt 1x 10° m* —~ 9012 m 
(f) 1.2 x 107 wt x 7g * ve 012m 
(a) 3.98 x 10%cm? = (d) 1.14 x 10°mL _—_(e) 0.5082 m° 


(2) 177 gat x A.at. x 0.946 x 1210" m’ = 0.670 m° 
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(b) 50.45 pt x 5s x 0.9463 x 1000'em" = 2.386 x 10* cm? 


(c) 2.88 x 10° dm® = (d) 4.2 x 10° mm? 


(a) 651 g/49.9 mL = 13.0 g/mL 

(c) 1.58 kg x oo x soho x ee = 0.942 g/mL 

(b) 0.860 g/mL = (d) 3.72 g/mL 

(b) 544 mt x gig = 3.32 x 10°g 

(e) y at x O.FAGE x LOGO mE x $l g =6x 108g 

(f) 0.000671 m? x oes x 1000 mit x 611s = 4.10 x 10?g 


x 10~ m 
(a)2.0x 107g (c)1.29x10°g (d)1.77g 


a daryileo = 

(2) 834.6 g x >1ml = 358 mL 

(c) 3.330 kg x 1000 emia 3 
ERG eee = 1.43,x 10° mk 


(d) 71.9 th x 454¢ x T335 = 1.40 x 104 mL 
(b) 0.386 mL = (e) 3.86 x 10° mL 


(b) 1.299 ee og conleaca tea 3 
fee cosa 2? kedm 


1000 g 
(ci 129 ei . Ltvay jie x 2.543 em® x 123 in? 1lb_ = 0.0805 Ib 
Tre 1000 mt 1 in? eit wAbder ff 


(a) 36.5 g/ft? ~—(d) oe mg/mm® = (e) 1.29 x 10° kg/cm? 


Mass of liquid = 69.7 g- 40.1g = 29.6g 
29.6 g/18.6 mL = 1.59 g/mL 


Mass of liquid = 69.731 g - 45.045 g = 24.676 gq 
24.676 g/15.0 mL = 1.65 g/mL 


The density of air is 1.29 g/dm® (from Table 3.2) 
6.1m x 5.5m xX 4.3 m= 1.4 x 10? m3 


1.4 x 10? m? x Lx 10 dm® x 1.29 9 = 18x l0%g 


3.80 


3.81 


3.83 


3.86 


3.87 





(a) 0.0147 9 = 0.0786 
0.187 g g 


é 2 
(b) 73.25 m? — 67.9 m? + Pago O me = 5.3 m? + 73.2 m? = 78.6 m’ 
(c) 0.00345 m? x 90" con = 3.45 x 10° cm? 


3 
1.3745 qe t ee = 1.37 x 0.297 = 0.408 


(a) 9.32 mg x _1lg 1M 
x = a2 
Moone Ieee 


(b) 0.02445 em? x _1m*_ = on 


(<) 3.22 em x pm x Pelee = 3.22 x 10" pm 
(d) °F = 9/5°C +32 = (9/5)(81.4) + 32 = 179°F 
(€) 9561 g x 100cg = 9.561 x lO®c 

lg g 


Lt y 1000 mt y163qy _1kg =1.63kg ~- 
Vee TE Tae 1000 adr’ 
(g) K = 273.15 + °C = 273.15 + (-248) = 25 K 


(h) 451 nt x LX TOPE x 1X 10° m? = 4.51 x 107° mi’ 

(o) 1 git x L219 in’ x 2.54 Gm” — 118.3 cm’ 

(b) 25 eitls x Z219 in? x 2.54% em? x Im? yx 5.897 kg x 10009 = 17g 
Be sa tel lm 100cem Im 1 kg 


(a) 555 mi x 1.609 km — 893 km 
ehh Seraddey hr 





(b) Lmin x _Lhr_ y 555 mi x 1.609 km x 1000m = 248m 
60s © 60min l hr | mt | keer s 
() 1X 10%s x Lmin x Thr x 555 mi x 1.609 km x 1000 m 
Tans 2 o0sei room Cl hr Ct Te 


x 1000 mm = 0.000248 mm 
im ns 


V = 11 (1.88 em/2)’ X (3.22 cm) = 8.94 cm? 


124.54 Y= 13.99 
8.94 cm cm 
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3.90 (a) 2.04 x 1000 em” 000 em x Lin’ = 1.2 x 10? in’ 


3.94 


3.95 


2.545 em 


(b) 2 04x dh = 0.0020 m? 





1.33 ka yx 1000g y Lem? y_ 1m’ x (1 x 10% tim® x 1 particle 
1 1 kg 2.395 100° em® 1m 8.22 tim 


= 6.77 x 10" particles 
Calculate the volume at 20°C. 
1.000 g x 13 5ie5 = 0.07382 cm? 
Calculate the volume at 30°C. 
1.000 g x tS = 0.07396 cm? 


The change in volume is: 
0.07396 cm? — 0.07382 cm? = 0.00014 cm? 
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CHAPTER FOUR 


MATTER AND ENERGY 


A physical property is a characteristic of a substance that can be 
determined without changing the composition of the substance. 

A chemical property describes how the composition of a substance changes 
does not change when it interacts with other substances or energy 
orms. 

Physical: (a), (b), (f), (h), (i), (K), (0), (m) 

Chemical: (c}, (d), (e), (9), (i), (A), (0) 


A physical change occurs when the physical properties of a substance are 
altered, but the composition remains the same. A chemical change occurs 
when the composition of a substance changes — a new substance is 
formed. 

Physical: (a), (d), (e), (8), (i, (K 

Chemical: (b), (c), (9), (h), (i) eS 


Yellow color, solid state, melting point, and boiling point are properties 
that are determined without any change in composition, so they are 
physical properties. Burns in air results in a change in composition, so it is 
a chemical property. 


Viscosity is a measure of the resistance to flow. A substance that does not 
flow readily has a high viscosity. 


(a) Vegetable oil does not flow as readily as water, so it has a higher viscosity. 
(d) Molasses does not flow as readily as shaving cream, so it has a higher 


viscosity. 


(b) Motor oil —(c) Pudding 
(c) Liquid (e) Liquid (f) Solid = (g) Solid —_(h) Solid 


(d) Pure substance —(e) Element 


A pure substance has the same composition throughout, cannot be 
separated into its components by a physical method, and its changes of 
state occur at a constant temperature. A mixture is composed of two or 
more substances that are physically associated. The composition of a 
mixture is variable, its components may be separated by physical methods, 
and the changes of state occur over a range of temperatures. 
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(a) Wine is a mixture composed of many compounds. 
(e) Charcoal is a mixture of an element and compounds. 
(g) A sugar cube is a pure substance (sugar is a compound). 
(h) Paint is a mixture of several compounds. 
(k) Cola drinks are mixtures of several compounds. 
Pure substances: (c), (f), (i) 
Mixtures: (b), (d), (j) 


(b) Sulfur 1, oxygen 3 (c) Nitrogen 2, oxygen 5 = (e) Sodium 1, nitrogen 1, 
oxygen 3 (h) Nitrogen 2, hydrogen 8, carbon 2, oxygen 4 = (j) Carbon 
1, chlorine 2, bromine 2 


(b) Since P,O,; contains only phosphorus and oxygen, the element phosphorus 
could combine with oxygen to form P.0,. 

(a) Compound  (c) Element 
A heterogeneous mixture exhibits more than one phase. A homogeneous 
mixture is composed of only one phase. 

(a) Brass is a homogeneous mixture composed of one solid phase. 

(c) Cement is a heterogeneous mixture of solid phases. 

(d) Motor oil is a homogeneous mixture of liquid phases. 

(e) Cotton is a homogeneous mixture of solid phases. 

(g) Oil and vinegar is a heterogeneous mixture of liquid phases. 
Homogeneous: (b), (f) 
Heterogeneous: (h) 


(a) Dissolve the salt in water and filter to separate the sand, then boil off the 
water to recover the salt. 

(c) Dissolve the sugar in water and filter to separate the sand, then carefully 
evaporate the water by heating to recover the sugar. 

(d) Pour off the oil, leaving the water. 


(a) Ice (solid) and tea (liquid) make two phases. 

(b) Seawater (liquid) and oil (liquid) give two phases. 

(c) Sand (solid) and water (liquid) give two phases. 

(d) Soda water contains the gas carbon dioxide and liquid water, two 
phases. Ice, a solid, is the third phase. 


(a) [5.23 kg x (2.25 m/s)*]/2 = 13.2 kg.m?/s? = 13.2 J 
(b) 3.34)  (c) 65.45 


(b) Position and composition (c) Condition _(f) Composition 
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4.66 


4.67 


4.69 


4.70 


4.73 


4.75 


4.79 


(a) The larger Bunsen burner flame will transfer more heat. 


(e) Identical objects at the same temperature are able to transfer the same 
amount of heat. 


(b) Bath tub = (c) Ice cube = (d) Gallon of water 
(9) 9.21 cat x ales = 38.55 
(d : 7 4.18443 1 kj 5 
)8.1 x 10 cat x 4.1843 x lay = 3.4 x 10° 
(b) 1.69 cal = (c) 5.182 kcal (e) 2.24 x 10° kJ 
The unknown is specific heat which has the units J/g:°C. 


AT = 15.9°C — 8.32°C = 7.6°C 


5saijx—l xl. = 90.323 
2A gt ~ FO%O> = gv 








The specific heat of water is 4.184 J/g°°C. 
AT = 54.1°C — 29.8°C = 24.3°C 


8.43 kg x ae x 24.3°€ x Tee = 8.57 x 10°3 


The’specific heat of water is 4.184 J/g-°C. 
For 1.00 kg of water: 
AT = 100.0°C — 25.0°C = 75.0°C 


1.00 kg x 75.0°¢ x 10009 x 4164) = 3.14x 10°) 
For 1.00 g of water: 
1.00 g x 75.0°€ x 4 = 314) 


The specific heat of copper (see Table 4.8) is 0.38 J/g°°C. 
3 1 laeeee 20 
9.21 x 10 IX ay 95% 0587 8.3 x 10°°C 


This is the change in temperature, AT, not the final temperature. 
The final temperature is 15.4°C + 8.3 x 107°C = 8.4 x 10°C. 


(b) AE = Ame” 
5.5 x 10° J = Am(3.00 x 10° m/s)? = (9.00 x 10" m’/s’)Am 
Am = 6.1 X 10"® kg 


18 te x 1000 g x 1000 mg = 61 x 10%m 
(a) 0.067 mg (ce) 1.1 x 10°" mg 
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4.80 (a) AE = Amc? = (1.5 x 10 kg)(3.00 x 10° m/s)? = 1.4 x 10" J 


4.8] 


4.86 


(b) 1.16 x 10" J = (c) 1.35 x 107° J 


Eni = Yamv" 

5.78 x 10* J = (0.985 kg/2)v? 
v? = 1.17 x 10° J/kg 

v = 343 m/s 


First calculate the heat absorbed by 123.8 g of water when the 
temperature rises from 23.19°C to 26.88°C, AT ter = 26.88°C — 23.19°C 


water 


= 3.69°C. The specific heat of the water is 4.184 J/g°C. 
° 4.184) — 3 
123.8 g x 3.69°€ x “rte 1.91 x 10° J 


The amount of heat released by the 30.0 g alloy is— 1.91 x x 10° J when 
it cooled from 100.0°C to 26.88°C, AT,,, = 26.88°C — 100.0°C = 

— 73.1°C. (The alloy and water must be at the same final temperature 
since they are in the same container.) Now calculate the specific heat of 
the alloy in J/g°C. 


= L921 1G X hx mag hee = 0.871 W/g-°C 


4.88 (b) The specific heat of mercury (see Table 4.8) is 0.138 J/g°C. 


4.89 


4.91 


1000 g x 0.138) — 1.27 x 10°J 
9.22 kg x 00-8 x 9.138) = 127 x10" 


(a) 1.88 x 10°J/°C  (<) 2.57 J/°C 


The volume of the cube of Pt is: 
(3.28 cm)? = 35.3 cm® 
Ali=365,.5-C = 10.7 CGa= 54,1°C 


° 3 y 21.45 O21. 33 Jens 3 
54.12°€ x 35.5 em eam ae 5.45 x 10° J 


The specific heat (see Table 4.8) of Ag and Cu is 0.23 J/g°C and 0.38 
J/g°C respectively. 

AT = 100.0°C - 24.9°C =75.1°C 

The mass of silver in 0.438 kg of sterling silver is: 


0.438 kg-sterting x 1000 x wa8 silver_ = 405 g silver 


The heat required to raise the temperature of 405 g Ag from 24.9°C to 
100.0°C is: 


se5 0284) = 3 
405g x 75.1°€ x 9.23.4. = 7.00 x 10°J 
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4.9] 


The mass of copper in 0.438 kg of sterling silver is: 


0.438 kg sterling x 1000 g x Too sto = 32.8 g copper 


The heat required to raise the temperature of 32.8 g Cu from 24.9°C to 
100.0°C is: 


32.8 g x 75.126 x 0.38) =9 4x 107) 
8 Te 
The heat require is 7.00 x 10° J + 9.4 x 107 J = 7.9 x 10° J 


4.92 (a) The temperature changes are: 


(b) 3.8 x 10°3 x ab =3.8k 


AT voter = 29.1°C — 24.3°C = 4.8°C 
AT erat = 29.1°C — 121.4°C = -92.3°C 
The heat transferred to the water is: 


Wwater = 188.6 g X 4.826 x ee = 3.8 x 1074 
The specific heat of the metal is: 


c = ] x Py -3:8 X10 J ~0.44) 
metal 92.777 g a s6G 1 g°C 


4.93 (a) The temperature changes are: 


TAP. 


ter = 26.6°C = 23.6°C = 3.0°C 
AT oy = 26.6°C — 97.2°C = -70.6°C 


_ The heat transferred to the water is: 


Qwater = 115.0 g x 3.0% x 4182! orl ax Oe 


The specific heat of the metal is: 


dgomont alogtron Ih By y 47 4 x dye 9.378) 
Smet FEO G SOC eS ogee 


(b) 1.4 x 10°43 x 1b 


Tooos =~ 14k 
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CHAPTER FIVE 


ATOMS 


5.31 (a) The atomic mass of any element may be used. As an example use copper: 
1 atom Cu = 63.55 u, 1 mol Cu = 63.55 g 


1 motGu. 96 022 kr 0 Stonieee 68. 55 Udi 21 6.022eOR IU 
S355 Giada Seco Le alaicnnGear wean 


Tank snl Ore 


1.007% x lg & N67 S°x NOG 
pe 6.022 x 10**u p™ 





5.33 (a)Z=1=No. p’ =No.e& 
A=3=No. p* + No. n° 
3 = 1+ No. n° 
No. n° =3-1=2 

(e) Z = 18 = No. p* = No. e& 
A = 40 = No. p* + No. n° 
40 = 18 + No. n° 
No. n° = 40-18 = 22 

(h) Z = 35 = No. p* = No.e& 

A = 81 = No. p* + No. n° 
81 = 35 + No. n° 
No. n° = 81-35 = 46 

(i) Z= 78 = No. p* = No.e& 
A= 195 = No. p* + No. n° 
195 = 78 + No. n° 
No. n° = 195-78 = 117 
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5.34 


9.35 


5.40 


5.43 


Doe 


2.92 


5.57 


(a) Z = 46 = No. p* = No. & 
A;= 108 = No. p* + No. n° 
108 = 46 + No. n° 
No. n° = 108 - 46 = 62 
(c) Z = 22 = No. p* = No. & 
A= 48 = No. p* + No. n° 
48 = 22 + No. n° 
No. n° = 48 - 22 = 26 
(b) 32 p*, 38 n° = (d) 85 p*, 125 n° 


(b) No. p* = 53 =Z 
A = No. p* + No. n° = 53 + 74 = 127 
(a) "6s Tb — (c) "44 Ru 


Average atomic mass of Eu = [(150.92 u)(47.82) + (152.92 u)(52.18)]/l00 
= 72.17 u + 79.79 uv = 151.96 u 


(a) Average atomic mass of Cu = [(62.9298 v}e2.07) + (64.9278 u)(30.91)] 


43.48.u #20.07 u = 63.55 u 
(b) 72.63 u 


(a) The maximum number of electrons that can be located in any orbital is 2. 

(c) Be has an atomic number of 4, so it has 4 electrons. 

(e) Any f sublevel is composed of seven f orbitals. Each orbital can hold 2 
electrons, so a maximum of 14 electrons can occupy the f sublevel. 

(g) Arsenic has the valence electron configuration 4s*4p*, so there are 3 
electrons in the 4p subshell. 

(i) The outermost electron in Br is in the 4p sublevel, so no electrons occupy 
the fifth energy level in the ground state of Br. 

(b)10 (d)18 (20 (h)5 (i)2 (kj) 10 


(a) 1s?2s' (c) 1s72s?2p°3s' —(d) 1s?2s?2p°3s?3p' 
(g) 1s?2s?2p°3s?3p*°4s?3d"°4p° —(h) 1s?2s?2p°3s?3p°4s73d' 
(I) 1s?2s?2p°3s?3p°4s73d'°4p7 


(a) Rb is the first element in the 5th period, so the outer electronic 
configuration is 5s’. 

(c) Ga is the third representative in the 4th period, so the outer electronic 
configuration is 4s”4p'. 

(f) Sn is the fourth representative element in the fifth period, so the outer 
electronic configuration is 5s”5p’. 

(b) 4s? (d) 4s*4p* = (e) As?4p®> (g) 5s?5p>—(h) 7s?_—(i) 6s*6p” (i) 7s' 


i) 


5.58 


5.61 


5.62 


5.63 


5.68 


5.69 


(a) The total number of electrons is 7. Nitrogen is the element with the atomic 
number of 7. 

(c) The total number of electrons is 15. Phosphorus is the element with the 
atomic umber of 15. 

(g) The total number of electrons is 37. Rubidium is the element with the 
atomic number of 37. 


(b)Mg (d)Ge (e)S_ (f) Br § (h) Xe 


(a) The group IIA element in the third period (3s) is Mg. 

(c) The first atom with an electron in the 4d sublevel is yttrium, which has an 
atomic number of 39 (the 4d sublevel fills after the 5s sublevel). The 
remaining elements with atomic numbers between 39 and 43 are Zr, Nb, 
and Mo. 

(f) The elements having only s electrons will have the electronic configurations 
1s', 1s*, 1s?2s', and 1s?2s*. This corresponds to the H, He, Li, and Be. All of 
the remaining elements will contain p electrons. 

(b) Se, Te, Po (d) Be, Mg, Ca, Sr, Ba (e) Kr 


(a) Magnesium contains 12 electrons. If it loses 2 it will have 10 electrons and 
be isoelectronic to Ne. The electronic configuration of Ne is 1s?2s?2p°. 

(c) Fluorine contains 9 electrons. If it gains 1 it will have 10 electrons and be 
isoelectronic to Ne. 

(b) 1s*2s?2p® = (d) 1s?2s?2p°3s?3p°4s?3d'°4p°5s74d'°5p° 


(a) [Xe]6s?4f'*5d'°6p? 
(b) 1s?2s?2p°3s?3p°3d'°4s74p°4d'°5s*5p° 


(a) Z = 84 = No. p* = No. & 
A = 208 = No. p* + No. n° 
208 = 84 + No. n° 
No. n° = 208 - 84 = 124 
(c) Z = 72= No. p* = No. & 
A = 180 = No. p* + No. n° 
180 = 72 + No. n° 
No. n° = 180-72 = 108 
(b) 92 p*, 143. n°,92e (d) 81 p*,124n°, 8le 


Any symbol of an isotope with the same atomic number, but a different 
mass number is acceptable. 


(a) "35 Xe "3a Xe 
(b) "0 nO 
(c) 73 Mg 12 Mg 
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5.69 


5.70 


5.73 


5.74 


5.76 


5.86 


(d) ‘57 La ‘37 La 


€ 


(a) Na has the outer electronic configuration 3s’. The excited state is obtained 


by promoting the electron to the next sublevel, which is the 3p. This results 
in the electronic configuration of 1s?2s?2p°3p'. 


(b) 1s?2s?2p°3s' = (c) 182s?2p°3s?3p°3d'°4s74p°dd'°5s*5p%6s' 


The diameter of an atom is about 100,000 times the diameter of the 
nucleus. 


Lin 1# Lmile — ; 
Tem x 100,000 x >. 70 X +54 X sono r = 0.6 mile 


From Coulomb’s law the force is inversely proportional to r’. If the radius is 


tripled, r increases by a factor of 3? = 9. The force will be decreased by a 
factor of 9. 


Let x = mass of 48Si. Now substitute into the formula for the average atomic 
mass. 


28.086 u = [(27.9769 u)(92.21) + (28.9765 u)(4.70) +.(x}(3.09)}/100 
Solve the equation for x = 30.0 u. 


286 pm x 12> 10m x 100-em = 2.85 x 10%cm 


V = (4/3)(3.14)(2.86 x 10% cm/2)? = 1.22 x 10°? cm? 


{ 
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6.22 


6.23 


6.24 


6.25 


6.26 


CHAPTER SIX 


PERIODIC PROPERTIES 
(d) Nonmetal (e) Nonmetal (g) Metal (i) Metal —(j) metal 


(a) Low boiling point, low density, and a gas at room temperature are 
characteristics of a nonmetal. 

(b) High boiling point, high density, and a conductor are characteristics of 
most metals. 


Metallic character increases down a group, and decreases across the 
periodic table. 

(a) Be is to the left of the other elements, so it is the most metallic. 

(b) Sn is the furthermost down the group, so it is the most metallic. 

(c) Sb, the one nearest the bottom left side on the periodic table, is the most 
metallic. 

(d) Mg is the closest to the left side on the periodic table; hence, it is the most 
metallic. 


(1) P, in group VA, has 5 outer-level electrons. It requires 3 more to give it 8 
electrons in the outer energy level. This will give it a charge of 3-. 

(3) F, in group VIIA, has 7 outer-level electrons. It requires 1 more electron to 
give it 8 in the outer energy level. This will give it a charge of 1-. 

(4) Se, in group VIA, has 6 outer-level electrons. It requires 2 more to give it 8 
in the outer energy level. This will give it a charge of 2-. 

(a)(2)1 (5)3—(6)1 

(b) (2) 1- (5)3- (6) 1- 


(1) Cs, in group IA, has 1 outer-level electron. It will lose this electron to form 
an ion with a 1+ charge. 

(2) Be, in group IIA, has 2 outer-level electrons. It will lose these 2 electrons to 
form an ion with a 2+ charge. 

(3) Al, in group IIIA, has 3 outer-level electrons. It will lose these 3 electrons to 
form an ion with a 3+ charge. 

(4) Sc, in group IIIB, has 3 outer-level electrons (4s?3d'). It will lose these 3 
electrons to form an ion with a 3+ charge. 

(a) (5)2 (6) 1 

(b) (5) 2+ (6) 1+ 


(a) Sr, in group IIA, will lose 2 outer-level electrons and form an ion with a 2+ 
charge. 
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6.26 


6.27 


6.28 


6.29 


6.30 


6.31 


6.32 


(b) P, in group VA, will gain 3 electrons and form an ion with a 3— charge. 

(d) O, in group VIA, will gain 2 electrons and form an ion with a 2- charge. 

(h) Rb, in group IA, will lose 1 outer-level electron and form an ion with a 1+ 
charge. 

(i) F, in group VIIA, will gain 1 electron and form an ion with a 1- charge. 

(cp 2 Prale)r2 ein (fp2aog)iS= 1h" G)i2+ 


(a) :N. + 3e° —>[:N:]* 
(b) :Cl. + Te™ —>[:Cl:} 
(e) :P. + 3e° —>[:P:]* 

(f) :Ca —> Ca?* + 2e 


(a) If Mg loses two electrons it will have 10 electrons (12 - 2 = 10), which is 
the same number or electrons as Ne. ; 

(b) If Al loses three electrons it will have 10 electrons (13 - 3 = 10), which is 
the same number or electrons as Ne. 

(f) If Se gains two electrons it will have 36 electrons (34 + 2 = 36), which is 
the same number of electrons as Kr. ae 

(c) Ne (d) Xe (e) Kr 


Sb is between As and Bi, so the ionization energy will be between 966.5 
and 774.0 kJ/mol. The average of these two is 870 kJ/mol, which is a good 
estimate of the true value 874 kJ/mol. 


Ionization energy increases across the periodic table and decreases down a 
group. 

(a) Sn, at the bottom of the group, has the lowest ionization energy. 

(c) Rb is to the left and below the other elements, so it will have the lowest 
ionization energy. 


(b)Se (d) Cl 


Atomic size decreases across the periodic table and increases down a 
group. 
(a) C, at the top of the group, will have the smallest atomic size. 
(c) Ca, to the right and above the other elements, will be the smallest. 
(b) Kr (d) Ne 


(a) Rn-ionization energy decreases down a group. 


(c) Po—density increases down a group. 
(e) N-group VA elements gain three electrons to form 3- ions. 
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6.32 


6.33 


6.34 


6.39 


6.47 


6.49 


(g) Only H and Ne have no electrons beyond the first energy level and, 
therefore, are smaller than F. 
(b)B  (d) Li (f) Ce-Lu 


Element 118 is in group VIIIA, a noble gas. The noble gases are nonmetals, 
poor conductors of electricity, and colorless. They form few compounds, 
most of which are covalent and relatively unstable. It would be the largest 
member of the noble gases, have a low ionization energy and high boiling 
point. 


(a) Fr, in the bottom left-hand corner of the periodic table would have the 
lowest ionization energy. 

(d) Se, with 34 electrons, would have the same number of electrons as Kr (36) 
if it gained two. 

(e) Te is the only metalloid in group VIA. 

(g) Ra-Atomic radius increases down the periodic table. 

(i) Zn, Cd, and Hg all have a d"° outer electronic configuration. (Cu, Ag, and 
Au also have an outer electronic configuration of s'd"°) 


(b) Fr (c)O (f)Bi (h)Th—Lr  (j) Al, Ga, In, TI 


Rb is between K and Cs. The atomic size will be between 0.227 and 0.265 
nm. The average of these two values is 0.246 nm, which is very close to 
0.25 nm-the accepted value. The Gensity will be between 0.856 and 1.88 


g/cm*. The average of 1.37 g/cm? is not to far off from the accepted value 
1.53 g/cm’. 


(c) Sp (d) 3p (e) 4p 


Table 6.2 gives the melting point of silicon as 1414°C and the density as 
2.33 g/cm’. 


K = 273 + °C= 273 + 1414 = 1687 K 


2.33 x 1000em’, _1kq — 2.33kg 
a ail 7000 5 L 
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CHAPTER SEVEN 


é 


CHEMICAL CALCULATIONS: THE MOLE CONCEPT 


7.36 Find the atomic mass in the periodic table for the element and use it with 
the units g/mol. 


(2) 1.000 mot x 10-8198 = 10.8198 


(d) 1.000 motGe x J] Ge = 72.61 9Ge 
(b) 58.93 g Co (c)95.94gMo (e)226gRa_ (f) 107.9g Ag 
(g) 232.0 g Th 


17 Find the number of donuts produced in a year by one person. 
365 24 hr x 60 minutes 60s 10 donuts 
year * T day * Thr  * Tminute ~ ls 
— 3.2 x 10° donuts 
1 year 
Now calculate the number of donuts produced at this rate by one-billion 
people. 


1 x 10° peopte x 3:2 210" donuts = 3 x 10" donuts 


Finally, calculate the length of time required to produce one mole of 
‘ donuts. 


6. 022 x 10% donuts x Sek x = eentury = 2 x 10‘ centuries 
7.38 (a) 1.000 mot x 6.022 x 10" atoms B = 6.022 x 10” atoms B 
1.000 mots x 10.8198 = 10.81 gB 
(d) 182.4 g Zr x AEE = 2.000 mol Zr 
2.000 motZr x 6.022 x 10“ atoms Zr = 1.204 x 10% atoms Zr 
a x _____1 mol Sn ____ = 10.0 mol Sn 
(f) 6.02 x 10% atoms-Sn EOTSCIG m 


10.0 motSn x J19.95n = 1.19 x 10°g Sn 
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7.38 


7.39 


7.40 


7.41 


7.42 


7.43 












ee 
Moles Atoms 
wa | 00 | vsexro® | ann 
gn | 00 | sorxio™ [sar 
wc | oso | som | ees 
AOR Lodo 
[999 | aoa xo | ears 
pe [ane [arco [aio 
i jsijh8,04:240% ealnun aif ZA ed 


(2) 0.0145 gk x Sk = 3.71 x 10+ mol K 


(C) 87.2 kg Kk x oes x ek = 2.23 x 10? mol K 
(b) 0.256 mol K  (d) 0.12788 mol K 


(2) 3.99 gAs x a = 0.0533 mol As 


¢ ITmol Ni — -5 ; 
(9) 5.66 meNi X Tops X BRISA = 9.64 x 10 mol Ni 
(b) 0.01108 mol Te (d) 19 mol Ir 


(a) 3.99 gAs X 1 motAs x 6.022 x 107 atoms As = 3.21 x 10%* atoms As 


Tie 
c 1 mobNt x 6.022 x 1073 atoms Ni 
(9) 5.66 meNi x tog OSas % ag GOERE * £:022 x 10 atoms Ni 

= 5.81 x 10’? atoms Ni 


(b) 6.673 x 107! Te atoms  (d) 1.2 x 107° Ir atoms 


(9) 7.11 motAr x 40.00 Ar = 384 g Ar 


(c) 9.311 MmotNa x 1x 10° mot x 22.99 Na = 2.141 x 10°g Na 
(b) 0.030 gli (d)0.117gV 


(a) 9.97 gPb x 1 motPb x 6.02 x 10”? atoms Pb — 2.90 x 1022 


atoms Pb. 
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7.44 


7.45 


7.46 


7.48 


(qd) 23.189 moRa x roo hs x 1 meotRa x 6.0220 x 107° atoms Ra 
; | motRa 


226 gRa 
= 6.18 x 10'° atoms Ra 
(b) 5.255 x 107! Uatoms (c) 2.90 x 10? Mo atoms 


(92) 5.03 x 1073 atomsXe x 1 mol Xe = 1x 
502% 10 0.835 mol Xe 
(b) 4.1 x 1074 atoms-€u x 1_mol Cu = 6.8 mol Cu 


6.0 xX 107 atoms-Gu 


(c) 8.834 x 10% mol Pd = (d) 1.3285 x 10“ mol Hg 


(a) 3.0 x 1023 x 1 molt 84qKr — 
atoms-Kr BO 100 Se pees 42 9 Kr 


(C) 5.36 x 107° atoms-Ge x 1 motGe x 72.6 g Ge 
6.02 x 10” atoms-Ge 1 motGe 


= 0.0646 g Ge 
(b) 1025.5 gMg_ (d) 1.197 x 10’g Cd 


(2) 3 x 10 atomsfe x _—_|metfe —__ x Safe =.3 X 10'g Fe 


(b) 5.40 x 10° atomsfe 1_motfe x 55.8 g Fe 
eae * $02 X10" atomsFe — 1 mole 


= 5.02 x 10" Fe 
c 1 motFe ~ 55.8qFe = 659 x 107 qFe 
I) ZL stems fe Xo aay TOES Froth es 


dq) 1 atomfe 1 motFe x 55.845 g Fe 
() * 6.0200 10 “aierietke. 1 morte 


= 9.2735 x 10° g Fe 


(2) 67.5 meRe x TOO0 me * eens = 3.62 x 10“ mol Re 


(b) 2.000 kg-Fd x 1000 g yx _l motPd , 6.022 x 10” atoms Pd 
1 kg 106.4 ¢ Pb 1 motPd 
= 1.132 x 107° atoms Pd 


(C) 1 atomHf x 1_mol Hf = 2 x 10 mol Hf 


6 X 10” atom Hf 


: 1 mot 209.0 o Bi x 1000 m 
(4) 0.001160 mmotBi X rh fteR x 209 Og Bt x Jogoma 


= 0.2424 mg Bi 

26 1 moHNb x 92.9 Nb x _1Lkg_ 

() 3.66 x 10% atoms-Nb X 755s tomeNb © TmetNb *~ 10005 
= 56.5 kg Nb 


yf 


7.50 (a) 25.9 mg Pt x 1 2 x ; mot?t 4 6.02 X 107° atoms Pt 


a = 8.00 x 10° atoms Pt 
(b) 1.51 x 1027 gPd x _motPd x 6.02 i 10° atoms Pd 


= 8.58 x 10’? atoms Pd 
(C) 7.79 mgNi x Tybdng * see 1 moti. 6.02 x 10”° atoms Ni 
= 7.99 x 10’? atoms Ni 


(d) 2.62 x 104 zgAv x 1 x 10% 9 y 1 motAv x 6.02 x 107° atoms Au 
gen 197. 1 mohAw 
= 8.01 x 10’? atoms Au 
The order is (b) > (d) > (a) > (c) 


7.51 (a) 127(1) + 80(Br) = 207 g/mol IBr 
(d) 12(C) + 4 x 127(41) = 520 g/mol Cl, 
(e) 2 x 32(2S) + 2 x 19(2F) = 102 g/mol S.F, 
(h) 2 x 1(2H) + 2 x 32(2S) + 8 x 16(80) = 194 g/mol H,S,0, 
(b) 30.0 g/mol NO (c) 160 g/mol Br, _(f) 207 g/mol XeF, 
(g) 258 g/mol BrCl; 


7.52 (a) 4 x 30.97(4P) + 6 x 16.0(60) = 219.9 g/mol P,O, 
(c) 16.0(0) + 2 x 79.9(2Br) = 175.8 g/mol OBr, 
(f) 2 x 1.008(2H) + 2 x 12.01(2C) + 4 x 16.00(40) = 90.04 g/mol H,C.O, 
(b) 394.7 g/mol NI; (d) 223.3 g/mol XeOF, (e) 108.0 g/mol N,O, 
(g) 153.5 g/mol POCI, —_(h) 342.2 g/mol C,,H.,0,; 


7.53 (8) 1.000 motSO, x $4.05 950, = 64.05 g SO, 
z 
1.000 mot SO, x $.022 x 1 molecules SO, 
| SSS ne SOs 


2 


=6.022 x 107° molecules SO, 
(4) 6.02 x 10?’ motecutesH,SO, x SOT SOs 


6.02 
= 0. ‘01 00 mol H,SO, 


6.02 x 10?! moteculesH,SO, x —______I_motH,$O, x 
6.02 x 10” motecutesH,SO, 


82.0 Hse: = 0.820 g H,SO; 
() 34.9 gAICH, x LBeLAIEL, = 0.262 mol AIC | 


34.9 g AIC}, x Re Are x x 6.02 x 1° molecules A1Cl1, 


= 1.58 . 107? molecules AICl, 
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7.53 


7.54 


7.55 


7.56 


7.07 





: Number of Number of 

Compound Moles Molecules 

oF 20 x10" 
aNoret! 101 _,| eared pos ony 

(g) PBrs 0.12944 7.7946 X 107 55.721 

(h) OF, 3.030 1.825 % 1021 163.6 


sglionsala wonosay 
GM, 754 x 10% 


(2) 0.00344 melo, x $7.59 ClO, = 0.232 g CIO, 
iz 


e 1 mot 92.01 gN,0, = 
(©) 1.110 mmoHN8 x ro, x EEN 0.1021 g N,O, 
(b) 459 g HBr (c) 0.038 gSeO, (d)3 x 107g H,SO, 






















(a) 6.2 gH,©, x droll 2: x 6.0 x 10% molesvies HO, 
/ = 1.1 x 107? molecules H,O, 
(b) 0.04499 g CIF, x ots x §.022 I os molecules CE 

= 2.931 x 107° molecules CIF, 
(c) 2.35 x 107°N,H, molecules (d) 4.8 x 10 22 HPO, molecules 
(e) 4.3143 x 107° CIF molecules 


(2) 8.207 metHH,© x ~Lmel QO = 8.207 mol O 
2 


T mot 4,0 
1 mot?.O 5molO — —4 
(c) 0.00349 g P.O, x TAPES! * TmottO 1.23 x 10“ mol O 


(b) 9.0 mol O  (d) 0.8 mol O 
2 aot 1LOgH = 
(a) 0.37 moH+4,SO, x TaStso, * POgh =0.75gH 


(b) 5.92 merSity X roqptae X yy TEE X 4 mort x 1.01 at 
27 44 Xd Ono 


29 


EL 


7.60 


7.61 


7.62 


7.63 


(c) 5.912 x 1078 motecutes-€,H,. x BOTT tes 


16 mot++ 1.008gGH = 1583qH 
X or ve ees al aneeer a 


d 1000 1 motB, 64 14 mot tt 
() 23.775 ke Brotee X “EOI X aaa FT Sh < Tmot Backs 


x 1.0078 H = 2745.1gH 
(a) 159 mg PCH, x otis * J pote x pumete - x $.02 x 10ators F 


= 6.97 x 107° atoms P 


(b) 2.96 x 10° kg P,O ee x 1 motP,9. x A meth x 
2.96 Saath 284 gt.Or5 a= t0 
6.02 x 10% atomP — 951 x 10 atoms P 
| moe” : 


(c) 0.120 meH?,©, x imett x Ce eeicne . 
4~t 


= 2.89 x 10” atoms P 
(d) 0.120 motH.PO. x —lLmotP x 6.02 x 1023 atoms P 
vs” T moHH.PO, | mot? 
= 7.23 x 10” atoms P 
The order is (c) > (d) > (a) > (b) 


(a) 63.5(Cu) + 35.5(Cl) = 99.0 g/mol CuCl 

(c) 65.4(Zn) + 2 X 14.0(2N) + 6 x 16.0(60) = 189 g/mol Zn(NO,), 

(e) 2 x 55.8(2Fe) + 3 X 32.0(3S) + 12 x 16.0(120) = 400 g/mol Fe.,(SO,), 
(b) 294 g/mol Cal, (d) 110 g/mol Li,SO, 


(2) 47 gNaGid, x eas. = 0.44 mol NaClO, 
(b) 700.0 mg-Ga,{PO,}, x TOO0cag * stp BLSestE a mol Ca,(PO 


= 0.002257 mol Ca,(PO,). 
(c) 47.2 mol RbBrO, 


(a) 9.55 motHO, x 79.9 on = 763 g TiO, 
(b) 7.07 moHk,SAGl, x fakes = 2.90 x 10° g K,(SnCl,) 


(C) 0.004529 mmetPbE,O, x soos) x 229. 2 9 PbCO, 


= 0.001337 g PbC,O, 
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7.64 (a) 934 gMgSiO, x TGR gBIe: x 6.02 x a formula units MgSiO, 
='5,62 x’ 107 fonola units MgSiO, 


(b) 5.8 kgHg,(NO,}, x 1000 x Tmot tts, 
ale 
Thee Ot, 
x $.0 x 107° formula nits Hg.(NO.), 
2 21/2 


= 7.1 x 10” formula units Hg,(NO0,), 
(c) 234.0 mmoHNH,€.H,9, x 1000 smot 1 mot 
x §.022 x 107° formula units NH,C,H,0, 
1] moHNH,C,H,0, 


= 1.409 x 107° formula units NH,C,H,0O, 
(d) 3.7 x 10’? NaHPO, formula units 





7.65 (a) %H = (g H/g Hl) x 100 = (1.01 g H/128 g HI) x 100 = 0.788% H 
% | = (g I/g HI) x 100 = (127 g 1/128 g HI) x 100 = 99.2% 1 
(c) % Hg = (g Hg/g Hg,I,) x 100 = (401 g Hg/655 g Hon 2) x 100 


= 61.2% Hg 
% | = (g I/g Hg,I,) x 100 = (254 g 1/655 g Hgpl.) x 100 = 38.8% | 


(e) % Os = (g Os/g OsO,) x 100 = (190 g Os/ 270 g OsO) x 100 


= 70.4% Os 
% O = (g O/g OsO,) x 100 = (80.0 g O/270 g OsO5) X 100 = 29.6% O 


(b)/43.2% Mg, 56.8% S$  (d) 60.2% Si, 40.0% N 


7.66 (a) %K = (g K/gKMnO,) x 100 = (39.10 g K/158.0 g KMnO,) x 100 


= 24.74% K 

% Mn = (g Mn/g KMnO,) x 100 = (54.94 g Mn/1 58.0 g KMnO,) x 100 
= 34.77% Mn 

% O = (g O/g KMnO,) x 100 = (64.00 g O/158.0 g KMnO,) x 100 
= 40.49% O 
(c) % Ba =(g Ba/g Ba(NO,),) x 100 = (137.3 g Ba/229.3 g Ba(NO,).) x 100 

= 59.89% Ba 

% N = (g N/g Ba(NO,).) x 100 = (28. 01 g N/229.3 g Ba(NO,).) x 100 
= 12.21% N 

% O = (g O/g Ba(NO,),)) x 100 = (64.00 g 0/229.3 g Ba(NO2)2) 100 
= 27.91% 0 


(e) % N = (g N/g (NH,),Cr,0,) x 100 
= (28.01 g N/252.0 g (NH,),Cr,O,) x 100 = 11.11% N 

% H = (g H/g (NH,),Cr,O,) x 100 
= (8.063 g H/252.0 g (NH,),Cr,O,) x 100 = 3.200% H 
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7.66 


7.67 


7.69 


7.71 


(e) % Cr = (g Cr/g (NH,).Cr.0,) x 100 
= (104.0 g Cr/252.0 g (NH,),Cr,O,) x 100 = 41.27% Cr 
% O = (g O/g (NH,).Cr,0,) x 100 
= (112.0 g O/252.0 g (NH,).Cr,O,) X 100 = 44.44% 0 


(b) 39.06% K, 1.007% H, 12.00% C, 47.95% O 
(d) 34.39% Ni, 28.12% C, 37.49% O 


(a) % Ag = (g Ag/g Ag,S) x 100 = (216 g Ag/248 g Ag,S) x 100 = 87.1% Ag 
(d) % Ag = (g Ag/g AgzAsS,) x 100 = (324 g Ag/495 g Ag;AsS;) x 100 

= 65.4% Ag 
(b) 38.2% Ag (c) 65.1% Ag 


(a) % H,O = (g H,O/g CuSO,-5H,O) x 100 
= (90.08 g H,O/249.7 g CuSO,°5H,O) x 100 = 36.07% H,O 
(c) % H,O = (g H,O/g LiCIO,-3H,O) x 100 
= (54.05 g H,O/160.4 g LiC10,) x 100 = 33.69% H,O 
(b) 14.76% H,O (d) 15.00% H,O 


First calculate the moles of each element per 100 g of compound. Then 
calculate the smallest whole-number ratio. 


(a) 46.55 g Fe X 1 mol Fe/55.85 g-Fe = 0.8335 mol Fe 
93.45 gS X 1 mol S/32.06 gS = 1.670 mol S 
0.8335 motFe/0.8335 motfe = 1.000 i 
1.670 mol $/0.8335 mol Fe = 2.00 mol S/1 mol Fe 
The empirical formula is FeS,. 


(d) 5.24 g Si x 1 mol Si/28.1 gSi = 0.186 mol Si 
94.76 gt X 1 mol 1/126.9 gt = 0.7467 mol | 
0.186.motSi/0.186 motSi = 1.00 
0.7467 mol I/0.186 mol Si = 4.01 mol I/1 mol Si 
The empirical formula is Sil,. 


(f) 76.62 g€e x 1 mol Ce/140.1 g-Ge = 0.5469 mol Ce 
23.38 gS X 1 mol $/32.06 gS = 0.7293 mol S 
0.5469 motGe/0.5469 mote = 1.000 
0.7293 mol $/0.5469 mol Ce = 1.33 mol S/1 mol Ce 
Multiply each ratio by 3 to obtain whole number ratios. 
1.000 mol Ce x 3 = 3 mol Ce 
1.33 mol S x 3 = 4 mol S 
The empirical formula is Ce,S, 


(b)NO  (c) CH, (e) NCI, 
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7.72 (a) 60.1 gK X 1 mol K/39.li gk = 1.54 mol K 


7.73 


7.75 


7.77 


18.4 g € X 1 mol C/I2.0 g€ = 1.53 mol C 
21.5 gN X 1 mol N/14.0 gN =1.54 mol N 
1.54 moH</1.54 moHk = 1.00 

1.53 mol C/1.54 mol K = 1.0 mol C/1 mol K 
1.54 mol N/1.54 mol K = 1.0 mol N/1 mol K 
The empirical formula is KCN 


(b) 70.2 g Pb x 1 mol Pb/207 g Pb = 0.339 mol Pb 


8.1 g€ X 1 mol C/12 g € = 0.68 mol C 

21.7 g® X 1 mol O/16.0 g © = 1.36 mol O 
0.339 motPb/0.339 mot Pb = 1.00 

0.68 mol C/0.339 mol Pb = 2.0 mol C/1 mol Pb 
1.36 mol O/0.339 mol Pb = 4.01 mol O/1 mol Pb 
The empirical formula is PbC,O,. 


(e) 18.79 gti x 1 mol Li/6.941 gti = 2.707 mol Li 


16.24 g € x 1 mol C/12.0 g € = 1.353 mol C 
64.97 g© x 1 mol O/16.0 g © = 4.061 mol O 
1.353 mot€é /1.353 mot€ = 1.000 

2.707 mol Li/1.353 mol C = 2.001 mol Li/1 mol C- 
4.061 mol O/1.353 mol C = 3.001 mol O/1 mol C 
The empirical formula is Li,CO3. 


(c) Cu,SF,  (d) CH,Br, 


25.0 g sample - 13.0 g Cr = 12.0g O. 

13.0 g-€r x 1 mol Cr/52.0 g-Er = 0.250 mol Cr 
12.0 g@ x 1 mol O/16.0 gO = 0.750 mol O 
0.250 mot €r/0.250 mot€r = 1.00 

0.750 mol O/0.250 mol Cr = 3.00 mol O/1 mol Cr 
The empirical formula is CrO3. 


16.0 g€ x 1 mol C/12.0 g€ = 1.33 mol C 
18.7 gN x 1 mol N/14.0 gN = 1.34 mol N 
5.3 gH x 1 mol H/I.0 gH = 5.3 mol H 

1.33 motG/1.33 mote = 1.00 

1.34 mol N/I.33 mol C = 1.00 mol N/1 mol C 
5.3 mol H/1.33 mol C = 4.0 mol H/1 mol C 
The empirical formula is CNH,. 


28.2 gN X 1 mol N/14.0 gN = 2.01 mol N 
20.8 gP x 1 mol P/31.0 gP = 0.671 mol P 
42.9 g © X 1 mol O/16.0 gO = 2.68 mol O 
8.1 gH x 1 mol H/1.0 gH = 8.1 mol H 


33 


TPT 


Vf 


762 


7.84 


0.671 mot?/0.671 mot? = 1.00 

2.01 mol N/0.671 mol P = 3.00 mol N/1 mol P 
2.68 mol O/0.671 mol P = 4.00 mol O/1 mol P 
8.1 mol H/0.671 mol P = 12 mol H/I mol P 
The empirical formula is PN,0,H,. = (NH,)3PO,. 


85.7 g€ x 1 mol C/12.0 g € = 7.14 mol C 

14.3 gH x 1 mol H/1.01 gH = 14.2 mol H 

7.14 mot€ /7.14 mot€ = 1.00 

14.2 mol H/7.14 mol C = 1.99 mol H/1 mol C 

The empirical formula is CH, 

Empirical formula mass = 14.0 g/mol 

Mol. mass/Empirical formula mass = 168/14.0 = 12 

Twelve formula units compose the total molecular mass. The molecular 
formula is 12 x CH,, or C,,H., 


11.843 gB Xx 1 mol B/10.81 gB = 1.096 mol B 
0.885 gH X 1 mol H/1.01 gH = 0.876 mol H 

0.876 mot+/ 0.876 mot# 1.00 

1.096 mol B/0.876 mol H = 1.25 mol B/1 mol H 

1.00 mol H x 4 = 4.00 mol H 

1.25 mol B x 4 = 5.00 mol B 

The empirical formula is BsH,. 

Empirical formula mass = 58.08 g/mol 

Mol. mass/Empirical formula mass = 232.4/58.08 = 4.00 
Four formula units compose the total molecular mass. The molecular 
formula is 4 x B,H,, or B.oH,.. 


3.824 g sample - 2.750 g C- 0.463 gH=0.611g 0 
0.611 g © x 1 mol O/16.0 g © = 0.0382 mol O 
2.750 g € X 1 mol C/12.01 g € = 0.2290 mol C 
0.463 gH xX 1 mol H/1.01 gH = 0.458 mol H 
0.0382 mot©/0.0382 mot© = 1.00 

0.2290 mol C/0.0382 mol O = 5.995 mol C/1 mol O 
0.458 mol H/0.0382 mol O = 12.0 mol H/1 mol O 
The empirical formula is C,H,,O. 

Empirical formula mass = 100.0 g/mol 

Mol. mass/Empirical formula mass = 200/100 = 2 
Two formula units compose the total molecular mags. The molecular 
formula is 2 x C,H,2O, or C,,H,,O,. 
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7.88 


7.90 


7.92 


7.94 


7.95 


(a) 399 gsolution x 2.95 9 NaNO, = 11.8 g NaNO, 


399 g solution - 11.8 g NaNO, = 387 g H,0 


See ce a 2.95% m/m NaNo, solution, bizsolt@ 11.8 g NaNO, in 387 g 
a. 


(b) 0.574 g LiOH and 43.2 gH,O (c) 1.12 g NH,CIO, and 3.77 kg H,O 
(a) 4.44 g Het x 1009 solution =12.0 g solution 
(C) 0.188 kg-HEt x 1000 g x 100.q solution = 508 g solution 


(b) 1.46 x 10° gsolution (d) 0.0106 g solution 


5.05 gKt x 100 g solution = 240 g solution 


Mass of solution = 6.53 g solute + 284 g water = 291 g solution 


6.53 g solute x 100 = 2.25% m/m 
g solution Z 
Cec sctotoh Tote ce aa bc 448 x Noe 


ze 7 .72 g Mg(NO3)2 
To prepare 0.232 M Mg(NO,),, dissolve 1.72 g Mg(NO3), in water and 
dilute to a total volume of 50.0 mL. 


b O mtsolution x — LE x 0.1919 moHNH, x 17.03 gq NH 
(®) 210.0 1000 mE * 1 Esclution — eT aoP RES 
= 0.6863 g NH, 


To prepare 0.1919 M NH,, dissolve 0.6863 g NH; in water and dilute to a 
total volume of 210.0 mL. 


(c) Dissolve 2.12 x 10° C,H,,O, in water and dilute to 5.66 L. 
(d) Dissolve 3.74 x 10° g H;PO, in water and dilute 9.11 x 10° mL. 


L solution = 180.0 mt x (1 L/1000 mt) = 0.1800 L 
a) 1.441 mol (NH 
( ) 1,441 mol (NH),SO, = 8.006 M (NH,),SO, 
d 1 mol HBr — 4 
(4) 8.331 mg HBr x TOO Ing * BO OIG Her 1.030 x 10“ mol HBr 


1 P30 x 10“ mol HBr — 5.720 x 10“ MHBr 
solution 


(b) 0.01479 M Cu(NO,), _ (c) 0.699 M H,SO, a 
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7.96 (0) 5.42 ¢€,H.O x I SEHS = 0.118 mol C,H,O 
‘ 6 
82.8 mL x (1 L/l00Omt) = 0.0828 L 


0.118 mol CFH,O — 
SOB seihias = 1-42 M C,H.O 


(9) 8.90 kg-NH,Ct x 1s x SSSR! = 166 mol NH,C1 


166 mol NH,Cl — 0.316 M NH,Cl 
526 L solution 
(b) 2.25 x 10° MNa,SO, (c) 0.1446 M K,CO, 


7.97 (a) 70% m/m HNO, = 70 g HNO,/100 g solution 
70 x Lmol HNO; =1.1 mol HNO 
STING: X “gy HNO. : 


: 1 em’ solution yx Te 0-070 Lieoluti 
100 g-sotution x ie : 000 =a solution 


1.1molHNO,  — 16MHNO 
0.670 L solution 3 
(b) 6.3 M C,H,O, 


7.98 (a) Calculate the total number of moles of HCI. 
1.50 £ x 15.9 mol HNO, = 23.8 mol HNO, 


Find the volume of 13.9 M HNO, which contains 23.8 mol HNO,. 


23.8 mot HNO, cf eo =1.77L 
: $ 


(b)9.52L (c) 6.82 x 10°L 


7.99 (a) One inole of RbOH produces two moles of solute particles, 1 mole Rb* and 
1 mol OH. 


287 mt x Woy x 0.444 mot RbOH , 2 mol particles 


= 0.255 mol particles 
(b) 3.94 x 10% mol particles (c) 4.265 x 10° mol particles 


7.101 (a) 27% H,SO, m/m = 27 g H,SO,/100 g solution 
27 gh,SO +X Eg HEO. = 0.28 mol H,SO, 


100 x 1 oe solution y __1L =O: : 
gsotution ‘2 gsolstion © T1000 an? = 0-083 L solution 


0.28 mol H,S0, = 3.3 MH.SO, 


solution 
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7.101 (b) 1.0% K,SO, = 1.0 g K,SO,/100 g solution 
1.0 gK,SO, x TH ge8G, = 0.0057 mol K,SO, 


: Lem saluiion LL By : 
100 g-sotution x TWO! gather X 1000 em" 0.0990 L solution 


0.0057 mol Ke30, = 0.058 M K,SO, 
0.0990 L solutio 


so 
(c) 12.0% KOH = 12.0 g KOH/100 g solution 
12.0 g KOH x BOT KOH = 0.214 mol KOH 


. 1 em? solution TL = i 
100 gsotution x WoO esotution X 1000 =x" 0.0917 L solution 


0.214 mol F20, = 2.33 MH,SO, 
0.0917 L solut 


so 
(d) 5.00% K,Cr,0, = 5.00 g K,Cr,0,/100 g solution 
5.00 ¢K,Gr,O, x Jmol K,Cr,O, = 0.170 mol K,Cr,O 
gK,Cr,O; 294 gk Gr.O> 227 


100 gsotution x 16F 5 tticn x Oo = 0.0971 L solution 


0.170 mol K,Cr Cr,0; = 0.175 MK,Cr,0, Lay 


7.103 182.0 mt X rapt x 2.5000 mol Fil mol Hl = 0.09100 mol HI 
0.09100 mot+t x cosy eceer x 1900 =308.6 mL 


{ 


7.106 . 1 moH<OH 6.022 x 107? formula units KOH 
ea SCOR Peet eRGH Of cc ol merkGH 


= 1.070 x 10% formula units KOH 
1.070 x 107? formute-units Na,RO 1 motNa,PO, 
eee 022 x ie formute-untts-Na,PO 


x 163.9 g NaPO, = 29.13g aay 
s 4 


(b) 10.71 g Na3;PO, 


7.108 Treat each compound as if it were an element and find the number of 
moles and the mole ratio for each one. 


60.7 g Sid, x 201 SHS; = 1.01 mol SiO, 


1 = Oo 
27.2 g-MgO x WeeeS 0.675 mol Mg 


12.1 gH,O x SOSH = 0.672 mol H,O 
0.672 motH,0/0.672 mot H,0 = 1.00 
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7.108 0.675 mol MgO/0.672 mol H,O = 1.00 mol MgO/I mol H,O 
1.01 mol SiO,/0.672 mol H,O = 1.50 mol SiO,/1 mol H,O 
1.00 mol H,O x 2 = 2.00 mol H,O 
1.00 mol MgO x 2 = 2.00 mol MgO 
1.50 mol SiO, x 2 = 3.00 mol SiO, 
The empirical formula is Mg,Si,H,Oj, 


7.110 0.459 g€ X 1 mol C/I2.0 g€ = 0.0383 mol C 
0.0275 gH X 1 mol H/1.01 gH = 0.0272 mol H 
0.262 g © x 1 mol O/16.0 g 6 = 0.0164 mol O 
0.175 gS X 1 mol S/32.0 gS = 0.00547 mol S 
0.0765 gW xX 1 mol N/14.0 gN = 0.00546 mol N 
0.00546 motN/0.00546 motHN = 1.00 
0.00547 mol S/0.00546 mol N = 1.00 mol S/1 mol N 
0.0164 mol O/0.00546 mol N = 3.00 mol O/1 mol N 
0.0272 mol H/0.00546 mol N = 4.98 mol H/1 mol N 
0.0383 mol C/0.00546 mol N = 7.01 mol C/1 mol N. 
The empirical formula is C;H;O,SN 
Empirical formula mass = 183 g/mol 
The molecular formula is C,;H,O,SN 


7.112 (0) 4.31 moHF, x 222 97Fs x Or cm° IF. = 294 cm’ IF, 
Ss . s 


(b) 2 65 WE. x 1000 em’ x 3.252 x LimeoHF, x SmolF 
PR te Sheet ODER © Tree, 
(C) 4.821 x 1023 atoms x 1 mol F X 1 meHF, y 222.0 gf. 
6.022 X 10” atoms 5 mol F . 1 moHF, 


3 
x a = 10.93 cm’ IF, 
7.115 (9) | 1b+8-caratgold x 75 tb 24 carat sold x 4549 


= 3.4 x 10? g 24 carat gold 


(6) 3.4 x 10? gAv x LimetA x 6.0 x 107° atoms Au 


= 1.0 x 10% atoms Au 


7.116 100emx— Loteme x 1 motG 12.0gC 
mr * T.5 x 10%em 6.022 x 10" atomsS * 1 mobe 


=13x10%gC 


7.118 (a) (g H/g C,H;N3O,) x 100 = (5.04 g H/227 g C,H,N,O,) x 100 = 2.22% H 
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7.18 13.94 g NF x L mor Ne 5 _7 mot _ 


x 12.09C = 1.46gC 
227 gFNF_ 1 moHFNF 1 mot 


SAS aaa” Tee 5 mot moran * Toh = 0.0874gH 
3.94 GANT x 2yiolhT x Smoths x 14.0 N =0.729gN 
3.94 gANT x Perey x omer. 6metO x 16.0gO =166g0 


7.119 (a) From the formula XBr, you know there are two moles of Br and one mole of 


X in one mole of XBr,. Use this information to determine the formula mass 
of XBr, and then the atomic mass of X 


2 motbr 79.90 100 g XBr. — 223.3 g XBr 
Tmo XB * Timok be * 7posene = 2233 4 xBr, 


100% — 71.55% Br = 28.45% X 


1 mot XBr. x 223.3 28.45qX — 63.54 x 
shana! Xiey sacimctRon TOO eeeg tecohmer ee 
(b) The atomic mass of 63.54 corresponds to copper. 


ae 


Lib y 453.69 x 6.022 x 10” atoms — yn 
T mol x =i ae ~ |Tg/mor 2.732 x 10 atoms 


7.121 


7.122 (a) Va(CigH,4Nz) = CsH,N 
(b) 1.48 g-etgarette x 2.1 x I1motnicotine 
; 162 g nicotine 

/ x 6.0 x 10" molecules nicotine = 1.2 x 10° molecules nicotine 


7.123 (a) 1 em® solution , _11.7 met HEl0 


x 100g HCIO, = 0.704 g HCIO 
Siig clothe e000 an’ solution. 1 merHeIe. “tea scloon” 
= 70.4% HCIO, 
(b) 255 mt-sotstion x 11.7 mol HCIO 
255 mt-solution 


STOOD RSaloROAY Ie esas 


2.98 morhere, ea x 1000 ml solution = 501 mL solution 
5.95 mot Hele, 


(c) 81.2 das Nasi x 1.7 mol HClO, = 0.950 mol HCIO, 
ST 1000 misolstion 


0.959 mol HCIO, = 9 896M HCIO, 
~T0.6L solution - 


39 


CHAPTER EIGHT 


MOLECULES, COMPOUNDS, AND CHEMICAL BONDING 


8.37 


8.40 


8.4] 


8.52 


8.53 


8.54 


8.55 


8.56 


(b) Magnesium oxide (c) Rubidium iodide —_(e) Strontium fluoride 
(h) Gallium phosphide 


(c) Dinitrogen tetroxide —_(e) Disulfur dichloride —_(h) Selium tetrabromide 


(c) Dichlorine heptoxide (e) aluminum oxide —_(g) Ditellurium decafluoride 
(h) Selenium hexafluoride 


Electronegativity increases from left to right across a period and decreases 
down a group. Also, the closer an element is to fluorine on the periodic 
table, the higher its electronegativity generally is. 

(b) Sn—most distant from fluorine 

(c) Fr-farthest down the group 

(d) Al-to the left of the other elements 

(a)! (e) Te 


(a) P is closest to the top of the group, so it will have the highest 
electronegativity. Sb is the farthest down the group, so it will have the 
lowest electronegativity. The order will be P > As > Sb 

(b) B is to the right of the other elements so its electronegativity is the highest. 
Li is to the left so its is the lowest. The order will be B > Be > Li 

(c) Sr > Ba > Rb > Cs 


(a) Ca?* has 18 (20 —- 2) electrons which is the same as Ar. 
(b) N* has 10 (7 + 3) electrons which is the same as Ne. 
(d) Rb* has 36 (37 — 1) electrons which is the same as Kr. 
(g) P> has 18 (15 + 3)electrons which is the same as Ar. 
(h) O7 has 10 (8 + 2) electrons which is the same as Ne. 
(c) Kr (e) Xe (f) Ne 


(c) (d) (f) 1s?2s?2p°3s?3p°4s73d'"°4p° 


lonic radius increases down a group. The ionic radius of cations decreases 
from left to right across a period and the ionic radivs of anions decreases 
across a period, but anions are larger than cations in the same period. 

(a) Se* is father down the group so it will have a larger ionic radius. 

(b) N* is to the left of the other anions so it will have a larger ionic radius. 

(c) Nat (d) K* 
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8.64 


(d) Ca: + :$: —> Ca?* + [:S:]- 
(e) Cs + :P- + Cs: + Cs: —> 3Cs* + [:P:]** 
(c) Sr°* [0:7 — (f) AIS* [ENeJ>— (g) 2K* [:Se:]* 


(a) To achieve the noble gas configuration Al will lose 3 electrons and oxygen 
will gain two electrons. In order to balance the electrons, two atoms of Al 
and three atoms of O are required. A total of six electrons will be 
transferred from Al to O, resulting in the formula A1,O03. 

(b) Sr will lose two electrons and S will gain two electrons to achieve a noble 
gas configuration. The formula is SrS. 

(c) Mg will lose two electrons and Br will gain one electron. Two Br atoms and 
one Mg atom are required in the formula unit MgBr,. 

(f) Li will lose one electron and Se will gain two electrons. Two Li atoms and 
one Se atom are required for the formula unit Li,Se. 

(b)Ga,O, (e) NaF (g) AIF, = (h) CaP, 


Covalent bonds are always formed by the sharing of electrons in the outer 
sublevel of the atoms. 

(a) In a hydrogen atom, the outermost electron resides in the Is orbital. In an 
iodine atom, the outermost electron resides in the 5p orbital. 

(b) The outer electrons in | are in the 5p. 
The outer electrons in Br are in the 4p. 

(d) The outer electrons in N are in the 2p. 
The outer electrons in Cl are in the 3p. 

(g) The outer electrons in N are in the 2p. 
The outer electrons in H are in the ls. 


(c) 3p, 5p = (e) 2p, 4p 


(a) Cl is more electronegative than Br, so BrCl is polar. 

(b) Both oxygen atoms in O, will have the same electronegativity, so it will be 
nonpolar. 

(d) O is more electronegative than N, so NO is polar. 

(c) Polar (e)Nonpolar (f) Polar  (g) Nonpolar 


8.66 (a) 1. Total outer-level electrons = 4 x 7(4F) + 1 x 4(1C) = 32. 


Br 


| 
2. The central atom is C: Pagar 
Br 


41 


8.66 (a) 3. 


4. 


(b) 1. 


RwN 


(d) 1. 


Four bonds are formed. The remaining number of electrons = 32 — 8 

= 24. 
Each Br atom needs six more electrons to complete the octet. C has 
eight electrons, so a total of 24 electrons are required. This is the 
number available and only single bonds are formed. 


: iS 
: ane 
: Br: 


. Each Br atom has eight electrons and the C atom has eight electrons. 


Thirty-two electrons are counted in the Lewis structure, which 
corresponds to the total number of outer-level electrons in four Br 
atoms and one C atom. 

Total outer-level electrons = 1 x 6(10) + 2 x 7(2F) = 20. 

The central atom is O: F—O—F ' 

2 bonds are formed. The remaining number of electrons = 20 — 4 = 16. 
Each F atom needs six electrons and the O atom needs four electrons. A 
total of 16 electrons are needed which is the number available. Only 
single bonds are present. 


Brant 


Each F atom has eight electrons and the O atom has eight electrons. A 
total of 20 electrons are counted in the Lewis structure, which 
corresponds to the total number of outer-level electrons in two F atoms 
and one O atom. 


Total outer-level electrons = 1 x 5(1P) + 3 x 7(3F) = 26. 


F 
The central atom is P: Fb 
Three bonds are formed. The remaining number of electrons = 26 — 6 
== 20), 
Each F atom needs six electrons and the P atom needs two electrons for 
a total of 20 electrons, which corresponds to the number of electrons 
available. Only single bonds are present. 


#: 
tees Rate 
ri 
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8.66 (d) 5. 


€ 


(f) 1. 


(i) 1 
z 


~ 


~ 


Each F atom has eight electrons and the P atom has eight electrons. A 
total of 26 electrons are counted in the Lewis structure, which 


corresponds to the total number of outer-level electrons in three F atoms 
and one P atom. 


Total outer-level electrons = 2 x 5(2N) + 4 x 7(4Cl) = 38. 
Cl} 
The central atoms are N: CI-N-N--Cl 


. 5 bonds are formed. The remaining number of electrons = 38 — 10 


= 28. 


. Each Cl atom needs six electrons and each N atom needs two electrons 


for a total of 28 electrons, which corresponds to the number of electrons 
available. Only single bonds are present. 


= a 
Cla Nii): 


Each Cl atom has eight electrons and each P atom has eight electrons. 
A total of 48 electrons are counted in the Lewis strutture, which 
corresponds to the total number of outer-level electrons in four Cl 
atoms and two N atoms. 

Total outer-level electrons = 2 X 1(2H) + 2 X 6(2O) = 14. 

The central atom is O: H—O—-O—H 

3 bonds are formed. The remaining number of electrons = 14-6 = 8. 
Each H atom has the maximum of two electrons. Each O atom needs 
four electrons, which corresponds to the number of electrons available. 
Only single bonds are present. 


H—O—O—H 
Each H atom has two electrons and each O atom has eight electrons in 


the Lewis structure, which corresponds to the total number of outer-level 
electrons in two H atoms and two O atoms. 


‘Br: :Br: -Cl: :Cl: 


3 : al t cndterlave 
(c) H-Te-H_ = (e) :F-S-F: (9) H-C=C-H _ (h) Senha ae 


sal % 
() H-O-Si-O-H 


-O-H :Cl: Cr: 


:C —H 
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8.67 (a) 1. 


hwW 


1 x 6(10) + 1 X 1(1H)+ 1(1- charge) = 8 outer-level electrons. 


. 8-2 = 6electrons remain. 
. 6 electrons are required for the O atom. 


[:O-H}- 


. 8 electrons in the Lewis structure correspond to the total number of 


(b) 1. 


WN 


outer-level electrons in one O atom and one H atom with a net 1— 
charge. 


1 x 4(1C) + 1 x 5(1N) + 1(1- charge) = 10 outer-level electrons. 
C—N 


. 10-2 = 8 electrons remain. 
. The C atom and the N atom both require six more electrons for a total 


of 12 electrons. A triple bond is required. 
E-C—N:] > 


. 10 electrons in the Lewis structure correspond to the total number of 


(c) 1. 


wn — 


outer-level electrons in one C atom and one N atom with a net 1— 
charge. 


1 X S(1N) + 4 xX 1(4H) — 1(1+ charge) = 8 outer-level electrons. 
H 


| 
. H+N—H 


| 
H 


8 —-8 = O electrons remain. 


. The four H atoms each have the required 2 electrons and the N atom 


has eight electrons. 
H ote 
| 
H—N—H 


| 
H 


. 8 electrons in the Lewis structure correspond to the total number of 


outer-level electrons in one N atom and four H atoms with a net 1+ 
charge. 


. 2 X 6(2O) + 2(2— charge) = 14 outer-level electrons. 


O—O 


. 14-2 = 12 electrons remain. 
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8.67 (f) 4. Each of the O atoms needs 6 more electrons for a total of 12 electrons. 
: 2- 
[0-6 


5. 14 electrons in the Lewis structure correspond to the total number of 
outer-level electrons in two O atoms with a net 2- charge. 


(h) 1. 2 x 4(2C) + 3 X 1(3H) + 2 x 6(2 O) + 1(1- charge) = 24 outer-level 
electrons. 


t 

2. H— =O) 

le 

3. 24-12 = 12 electrons remain. 

4. The C atom needs 2 more electrons and each O atom needs 6 more 
electrons for a total of 14 electrons required. Since only 12 are 
available, a double bond must be formed. 

HO: zi 


or 


| a 
oe 


‘5. 24 electrons in the Lewis structure correspond to the total number of 
outer-level electrons in 3 H atoms, 2 C atoms, and 2 O atoms with a net 
/  1-—charge. : : 
He Te :O: - Or se 
| elinbod., yw diy 
(d) }H-B-H (e) |:O-Cl-O: (g) }:O-S-O: 


aS 


H q 
8.68 (b) os (c) H-C=C-H 
H H 


8.69 (a) 1. 3 x 6(30) + 1 x 4(1C) + 2 x 1(2H) = 24 outer-level electrons. 
oO 


2. Boge nen 

3. 24-10 = 14 electrons remain. 

4. The two H atoms each have the required two electrons, the C atom 
needs two more electrons, two O atoms need four more electrons, and 
one O atom needs six electrons for a total of 16 electrons required. 
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8.72 


8.74 


(a) 4. Because only 14 are available, a double bond must be present. 


netowmemrouus 
5. 24 electrons in the Lewis structure correspond to the total number of 
outer-level electrons in 2 H atoms, 1 C atom, and 3 O atoms. 
Use the same procedure as in (a) to obtain the Lewis structures shown 
below for (b) - (f). 
:0: :O-H :O: 


alee ee ee pte 
(b) H-O-S-O-H_ = (c) H-O-P-O-H = (d) H-O-N-O:  (e) H-O-CLO: 


0: 
ae de 
(f) H-O-S-O-H 


(b) The P atom in PF, contains 10 outer—level electrons. 


(e) The S atom in SF, contains 12 outer-level electrons. 
(c) IF; 


? ae :O: ae i. a2 
(b) :O-C-O: <> O=C-O: <-> :O-C=O 


(c) JO=N-6, <—> O-N=O| 
(d) :0-O=0 <> O=0-0: 


(e) N=N=O <—> :N=N-O: <—> :N-N=O: 


(a) The Lewis structure of NF; contains three single bonds between the N atom 
and the F atoms and one lone pair of electrons on the central N atom. This 
arrangement results in trigonal pyramidal geometry. 

(b) The Lewis structure of H,S contains two single bonds between the central S 
atom and the H atoms and two lone pairs of electrons on the S atom. This 
arrangement results in angular geometry. 

(c) The Lewis structure of SiF, contains four single bonds between the central Si 
atom and the F atoms. The resulting structure has tetrahedral geometry. 


46 


8.74 


8.75 


8.77 


8.79 


8.82 


8.83 


8.86 


(e) BeF, is electron deficient. The Lewis structure contains only two single bonds 
between the central Be atom and the F atoms. The molecule has linear 
geometry. 

(g) The Lewis structure of HCN contains a single bond between the H atom 
and the central C atom and a triple bond between the C atom and the N 
atom. The molecule has linear geometry. 


(d) Trigonal planar = (f) Trigonal planar = (h) Pyramidal 


(a) The Lewis structure of NO, contains one single bond and one double bond 
between the central N atom and the O atoms. There is one lone pair of 
electrons on the N atom resulting in an angular geometry. 

(c) The Lewis structure of CO,” contains two single bonds and one double 
bond between the central C atom and the O atoms. The resulting structure 
has trigonal planar geometry. 

(e) The Lewis structure of SO,?" contains four single bonds between the central 
S atom and the atoms. The molecule has tetrahedral geometry. 

(b) Trigonal planar (d) Linear — (f) Trigonal planar 


(a) A triple bond gives a bond order of three. 
(b) A single bond gives a bond order of one. 


() 1 (d)1 


(b) _. and its bonding electrons. (d) Covalent... (f) ... formula units ... 
(h) ... atoms, or atoms with the same electronegativity ... 


(c) No. The double bond is localized between the carbon atom and the oxygen 
atom. It cannot be placed between any other atoms without rearranging 
the atoms. 


Cel io = 
(b) }H-N-H| [:Cl:  () Ca?* 2[:Cl-O:]  (d) 3Mg”* 2 ee 
vy :O: 
i 
(e) H-N-O-H 
(b) The F-F bond is longer and weaker than the Cl-Cl bond. The bond order is 
one for both F—F and CI-Cl. | 


(d) The C=C bond is shorter and stronger than the C-C bond. C=C has a bond 
order of two and C-C has a bond order on one. 
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bond order of two and C-C has a bond order on one. 


:Cl: 
8.88 (b) H-O-N=O (c) aay (d) |[N=N=NF (e) BN 
:Cl: H 
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CHAPTER NINE 


CHEMICAL NOMENCLATURE 


For exercises 9.31, 9.32, 9.34, and 9.51 the symbol for the element is used 
to represent the oxidation number of that element in the equation. The 


equation is then solved to obtain the variable oxidation number of the 
element in the compound. 


(a) F, is a pure element so the oxidation number is 0. 

(c) Mg in group IIA is +2. S in group VIA is —2. 

(e) O is -2. 2N + 50 = 0, 2N + 5(-2) = 0,N = +5 

(g) Al in group IIIA is +3. S in group VIA is -2. 

(b)H+1,0-2 (d)N+3,Cl-1 (f)P+5,Cl-1 (h)C-+4,1-1 


(a)S$ +30=0,S + 3(-2) =0,S = +6 
(d) 2H+S+30=0, 2(+l) +S + 3(-2)=0,S = +4 
(g) 28 + 30 = 0, 2S + 3(-2) = 0,S = +3 
(b) +4 (c) +6 (e)O (f) +6 (h) +5 


(a) 2K + 2Cr + 70 = 0, 2(+l) + 2Cr + 7(-2) = 0, Cr = +6 

(c) 2Na +U +40 =0, 2(+l) + U +4(-2) = 0, U = +6 

(e) Ca + 2H + 2S = 0, +2 + 2(+1) +28 =0,S = -2 

(g) 4K + 2V + 70=0, 4(4+l) + 2V + 7(-2)=0,V= +5 

(i) Cu + 2C + 2N =0, +2 + 2C + 2(-3) = 0,C = +2 

(b) Na +1,Ge +4,0-2 (d)Rb +1,H+1,S +6,O-2 

(f) 2U +6and1U+4,0-2 (h)Na+1,C+3,0-2 (j)Na+1,0-1 
(k) Mg +2, H -1 


(e) Oxygen difluoride —_(f) Silicon dioxide — (g) Xenon tetroxide 
(h) lodine heptafluoride 


(a) Bromine, a halogen, will have an oxidation number of —1. The oxidation 
number of tin must then be +2, tin(Il). Tin(Il) bromide. 

(b) Nitrogen, in group V, has an oxidation number of -3 in binary compounds. 
The oxidation number of cobalt must be +3, cobalt(Ill). Cobalt(Ill) nitride. 

(c) Sulfur, in group VI, has an oxidation number of -2 in binary compounds. 
The oxidation number of lead must be +2, lead(II). Lead(Il) sulfide. 

(d) Phosphorus, in group V, has an oxidation number of -3 in binary 
compounds. The oxidation number of copper must be +1, copper(I). 
Copper(I) phosphide. 
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(e) Oxygen has an oxidation number of -2 in binary compounds. The oxidation 
number of mercury must be +2, mercury(II). Mercury(II) oxide. 

(f) Sodium selenide (g) Magnesium chloride = (h) Scandium(IIl) oxide 

(i) Cadmium(ll) iodide 


(a) lron(Ill) is Fe°* and bromide is Br, so 3 Br ions are required; FeBr3. 

(e) Magnesium is Mg** and oxygen is O?-; MgO. . 

(h) The oxidation number of tin(Il) is +2 and that of nitrogen is -3. The lowest 
common multiple of +2 and -3 is 6. Three Sn atoms and two N atoms are 
required resulting in the formula Sn,N,. 

(i) Rubidium is Rb* and Phosphide is P*". Three Rb ions are required; Rb,P. 

(b) MnS  (c)Cul (d)CrF, (f)BaC, (g)Hg,F, (i) PbSe 


(a) The oxidation number of thallium(IIl) is +3 and that of oxygen is -2. The 
lowest common multiple of +3 and -2 is 6. Two Tl atoms and three O 
atoms are required; TIO . 

(b) The oxidation number of uranium(IV) is +4 and that of oxygen is -2. Two O 
atoms are required; UO,. 

(c) The oxidation number of gold(!) is +1 and that of oxiyge is -2. Two Au 
atoms are required; Au,O. 

(d) The oxidation number of molybdium(Y) is +5 and that of oxygen is -2. The 
lowest common multiple of +5 and —2 is 10. Two Mo atoms and five O 
atoms are required; Mo,O,. 

(e) The oxidation number of manganese(VIl) is +7 and that of oxygen is —2. 
The lowest common multiple of +7 and -2 is 14. Two Mn atoms and seven 
O atoms are required; Mn,O,. 

(f} RO, (g)W2,0, (h)VO, (i) Sc,0;  (j) SnO, 


lron(Il) acetate, phosphate, permanganate, cyanide, carbonate, hydroxide, 
sulfide; mercury(I) acetate, phosphate, permanganate, cyanide, carbonate, 
hydroxide, sulfide; tin(IV) acetate, phosphate, permanganate, cyanide, 
carbonate, hydroxide, sulfide; rubidium acetate, phosphate, 

permanganate, cyanide, carbonate, hydroxide, sulfide; gold(IIl) acetate, 
phosphate, permanganate, cyanide, carbonate, hydroxide, sulfide. 


The cations are: Ca**, Al**, and Pb**. The anions are OH", C,H,O,”, SO,2-, 
ClO,, SeO,7" and N* . When subscripts are used that result in equal 
numbers of positive and negative charges the formulas given in Appendix 
D are obtained. 

Co(OH),, Co(C,H,0,),, CoSO,, Co(ClO,),, CoSeO,, Co3N, 

NH,OH, NH,C,H;0,, (NH,),SO,, NH,CIO;, (NH,),SeO,, (NH,)3N 

Ge(OH),, Ge(C,H30.),, Ge(SO,)., Ge(ClO,),, Ge(SeO,)., GeN, 

Sn(OH),, Sn(C2H;0,)2, SnSO,, Sn(ClO,),, SnSeO,, Sn3N, 
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Al,(SO,)3, calcium carbonate, NaHCO,, copper(I!) sulfate pentahydrate, 
$rSO,, lead(Il) chromate, Au(CN)3, sodium sulfate, Zn,SiO,, barium nitrate 


Acetate is C,H,O,. 
(a) Li* requires one C,H,O,-, LiC,H,O,. 
(b) Zn** requires two C,H,O0,-, ZnC,H,O,),. 
(e) Ga** requires three C,H,0,", Ga(C,H,0,)5. 


(c) Fe(C,H,0.). — (d) Cu(C,H,0,), TI(C,H,0.); 2111302), 
(h) Bonen ie Jae PAYA )3  (g) Pb(C,H,0,) 


(c) Hydroselenic acid — (d) Hydrosulfuric acid 


(a) BO,* is borate, so the oxyacid is named boric acid. 

(b) ClO” has two less O atoms than chlorate, ClO, ; therefore, it would be 
named hypochlorite. The oxyacid is named hypochlorous acid. 

(c) 103 is iodate, so the oxyacid is iodic acid. | 

(d) AsO,> is arsenate, so the oxyacid is named arsenic acid. 

(e) CO,” is carbonate, so the oxyacid is carbonic acid. 

(f) BrO, has one more O atom than bromate, BrO,- ; therefore, it 
would be named perbromate. The oxyacid is named perbromic acid. 


(a), 10;- has one more O atom than iodate, 1O,°; therefore, it would be named 
periodate. The oxyacid is named periodic acid. 

(b) C,H,O,” is the acetate ion. The acid is named acetic acid. 

(e)‘CN” is the cyanide ion. The acid is named cyanic acid. 

(c) Selenous acid (d) Hypoiodous acid 


(a) SO,* has one less O atom than sulfate, SO,7; therefore, it is named 
sulfite. The hydrogen atom produces the name hydrogensulfite. The acid, 
H,SO3, from which it is derived is sulfurous acid. 

(b) PO,* has one less O atom than phosphate, PO,” ; therefore, it is named 
phosphite. One hydrogen is denoted as monohydrogenphosphite. The acid, 
H,PO,, from which it is derived is phosphorous acid. 

(c) Hydrogensulfate, sulfuric acid (d) Hydrogencarbonate, carbonic acid 


(a) Na and H are in group IA. Their oxidation state is +1. F is in group VIIA so 
it is -1. 

(b) Na and H in group IA are +1, O in group VIA is -2. S is found by; 2Na + 
28 + 60 =0, 2(+l) + 2S + 6(-2) = 0,S = +5. 

(c) Na in group IA is +1, F in group VIIA is -1, B in group IIIA is +3. 

(d) Na +1, Mo +6,O-2 = (e) Na +1, Si +4,F-1  (f)Na+1,As +5, S-2 
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(a) Since the anion, phosphate, has a charge of 3- chromium must have an 
oxidation state of +3. Six water molecules are denoted by hexahydrate so 
the name is chromium(III) phosphate hexahydrate. 

(b) Gallium must have an oxidation state of +3 so that the two Ga atoms will 
balance the three O atoms, each of which has an oxidation state of —2. 
One water molecule is denoted as monohydrate. The name is gallium(III) 
oxide monohydrate. 

(c) Indium must have an oxidation state of +3 to balance the three ClO, ions. 
ClO, with one more O atom than chlorate is named perchlorate. Eight 
water molecules are denoted as octahydrate resulting in the name 
indium(IIl) perchlorate octahydrate. ; 

(d) Iron(IIl) phosphate dihydrate —_(e) Lithium iodide trihydrate 

(f) Sodium carbonate decahydrate 


(a) Na has a charge of 1+, borate is BO,* , and tetrahydrate is 4H,O. The 
result is Na,BO,-4H,O. 

(d) Mercury(II) has an oxidation number of +2, bromate is BrO, , and 
dihydrate is 2H,O. The formula is Hg(BrO,).°2H,O . 

(b) Th(SeO,).°9H,O —(c) Ni,(PO,).-°8H,O  (e) Mn(C,H,0.),-4H,O 

(f) Pb(BrO,).-H,O 


(26) lron(IIl) dihydrogenhypophosphite (27) Lead(IV) hypoarsenite 

(28) Lithium chlorate (29) Magnesium nitrate (30) Manganese(lIIl) arsenide 

(31) Mercury(Il) bromate (32) Molybdenum(VI) sulfite (33) Trisilicon 
octachloride (34) Osmiumi(Il) oxide (35) Lead(Il) nitrate (36) Phosphorus 
pentabromide (37) Platinum(Il) hydroxide (38) Potassium 
dihydrogenarsenate (39) Radium carbonate (40) Rhenium(VI) fluoride 

(41) RhodiumilIl) sulfate (42) Rubidium selenate (43) Scandium(IIl) oxide 

(44) Selenium(IV) fluoride (45) Silver(l) tellurite (46) Sodium 
dihydrogenphosphite (47) Strontium permanganate (48) Disulfur 
difluoride (49) Thallium(I) cyanide (50) Tin(IV) sulfate 


(26) KIO, (27) ReCl, (28) Sn;(PO,), (29) RbCIO, (30) Sc,(SO,), (31) Si;N, 
(32) H,SiO; (33) Ag,;PO, (34) NaHSO; (35) Sr(lO,). (36) TaN (37) TI,SO, 
(38) Snl, (39) Zn(CN), (40) Co,(PO,), (41) NH,BrO, (42) AIN (43) CaC, 
(44) HCIO (45) Fe(C,H,0,),; (46) MnCO, (47) HgS (48) HCN(aq) 

(49) KMnO, (50) Ce,(CO,), 


(a) 100.0% — 25.5% H,0 = 74.5% Mg,(PO,), big rit 


74.5 x mol Mg,(PO = 0. 
TMasfPOr), x pT OES? = 0.283 mol Mg,(PO,), 
25.5 g H,O x 1 mol H,O0/18.0 g HJO= 1.42 mol H,O 
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9.60 (2) 0.283 motMgs{PO,}./0.283 motig,{PO,}, = 1.00 


1.42 mol H,0/0.283 mol Mg,(PO,), = 5.01 mol H,O/1 mol Mg3(PO,)>. 
The empirical formula is Mg;(PO,).-5H,O. The empirical formula mass is 
353 g/mol. The formula is Mg3(PO,).:5H,O 

(b) Magnesium phosphate pentahydrate 


9.62  %W = (g W/g WBr,) x 100 = (184 g W/663 g WBr,) x 100 = 27.7% W 
%Br = 100.0 - %W = 100.0 — 27.7 = 72.3% Br 
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9.68 (b)Nonane  (d) Decane 


9.69 (a) CH, CH, 
@H,-C-CH,-CH-CH, 


: CH, 
The longest chain is 5 C atoms, making it a pentane. There are 3 branched 
CH,, methyl groups, two on carbon 2, and one on carbon 4. 
2,2,4-trimethylpentane 
(c) CH.-CH, 


CH,—(CH,),-CH-CH,-CH, 
The longest chain is 8 C atoms, making it an octane. A CH.CH,, ethyl 
group, is branched from the third carbon. 3-ethyloctane 


(e) C H = H 2 C H, 
C H,-(C H,),-C-CH me H-CH,-C H 3 
Hs; 


The longest chain is 10 C atoms, making it a decane. There are 2 branched 
CH,, methyl groups, — one on carbon 3 and one on carbon 5. There is one 
branched ethyl group on carbon 5. 3,5-dimethyl-5-ethyldecane 
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9.69 (b) 2,2,8-Trimethyinonane  (d) 2,3,4,5-Tetramethylhexane 
(f) 2,2,3,3-Tetramethylheptane 


9.70 (a) 3-Methylheptane will consist of a seven carbon chain with a methyl group 
on the third carbon. 
CH, | 


] 2 4 4 5 6 i, 
CH,CH,CHCH,CH,CH.CH, 
(c) 3-Ethyl-4-methyldecane will consist of a ten carbon chain with an ethyl 
group on the third carbon and a methyl group on the fourth carbon. 
CH; : 
] 2 3 | 5 6 M 8 9 10 
CH,;CH,CHCHCH,CH.,CH.,CH.,CH.CH, 
CH,CH, 

(e) 2,2,3,3-tetamethylhexane will consist of a six carbon chain with two methyl 
groups on the second carbon and two methyl groups on the third carbon 
atom. 

H,C CH, 
] 4 5 6 
Se ee 
H,C CH, 
(b) CH,C(CH;),CH,CH,CH; (d) CH,C(CH,),CH,CH(CH,)CH,CH,CH,CH, 
(f) CH,;CH,CH,CH(CH,CH,)CH,CH,CH,CH,CH, 


(9) a (h) “i 
CH; Ch, CHs 
ZA cH CH oe, wa 
Fie ch wn? 
CH2-CH> Bee CH—CH2—CH3 
CH CHa 
9.75 (b) (c) CH;CH=CHCH,CH,, CH,=CHCH,CHCH, 
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9.75 (e) 


9.76 (a) 2-Methylbutane will consist of a four member carbon chain with a methy! 


group attached to the second carbon, CH,CHCH,CH, There are 12 H 
atoms. 


Hs; 
(b) CH,(CH.),CH=CH, There are 18 H atoms. 


(c) Methylcyclopentane will consist of a five-member carbon ring with a methyl 
group bonded to it. There are 12 H atoms. 


CH2-CH2 
(d) Butyne is a four carbon chain containing a triple bond. 
Cr.C—CCH, 
There are 6 hydrogen atoms. 
9.82 (d)-S- (e)-COOR 
9.84 (d) CH,CH,CH,CH,COCH,  (e) CH,(CH,),CH,NH; 


() se 
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CHAPTER TEN 


~ CHEMICAL REACTIONS 


10.21 (c) One mole of nitrogen gas and three moles of hydrogen gas produce two 
moles of ammonia gas. 
(d) One mole of solid aluminum sulfide and six moles of liquid water produce 


two moles of solid aluminum hydroxide and three moles of hydro-sulfuric 
acid. 


10.22 (a) Balance the phosphorus atoms by placing a 2 as the coefficient of P,O,. 
This gives 4 P atoms on each side of the equation. Balance the oxygen 
atoms by placing a 5 as the coefficient of O,. This gives 10 O atoms on 
both sides of the equation. 

P, + 50, —> 2P,0, 

(c) Balance the lithium atoms by placing a 2 as the coefficient of LiOH. This 
gives 2 Li atoms on both sides of the equation. It also gives 2 O atoms and 
2 H atoms on both sides of the equation. 
Li,O + H,O —> 2LiOH 

(d) Balance the chlorine atoms by placing a 2 as the coefficient of KCI. This 
gives 2 Cl atoms on both sides of the equation. Balance the potassium 
atoms by placing a 2 as the coefficient of KI. This gives 2 K atoms and also 
2 | atoms on both sides of the equation. 
Cl, + 2KI —> |, + 2KCl 

(f) There are 3 O atoms, 1 Fe atom, and 1 Si atom on both sides of the 
equation. The equation is balanced. 
FeO + SiO, —> FeSiO, 

(g) Ballance the oxygen atoms by placing a 3 as the coefficient of CO. This 
gives 3 O atoms on both sides of the equation. Balance the carbon atoms 
by placing a 2 as the coefficient of C and the sodium atoms by placing a 2 


as the coefficient of Na. This gives 3 C atoms and 2 Na atoms on both 
sides of the equation. 


Na,CO, + 2C —> 2Na + 3CO 
(b)S,b 4h {e)2,.1,2. th) 1,3,1,3 eso 2 eht2. 3-208 


10.23 (a) Balance the C atoms by placing a 4 as the coefficient of CO.. This gives 4 
C atoms on each side of the equation. Balance the H atoms by placing a 5 
as the coefficient of HO. This gives 10 H atoms on both sides of the 
equation. There are now 13 O atoms on the products side and 2 O atoms 
on the reactants side. The coefficient 13/2 for O, will balance the equation. 
Multiplication of each coefficient by 2 gives: 
2C,H,) + 130, —> 8CO, + 10H,O. 
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10.23 (b) Balance the F atoms by placing a 3 as the coefficient of HF. This gives 3 F 


(c 


ee 


atoms on both sides of the equation. Balance the H atoms by placing a 3 
as the coefficient of H,O. This gives 6 H atoms on both sides of the 
equation. There is now 1 P atom and 4 O atoms on both sides of the 
balanced equation. 

POF, + 3H,O —> H,PO, + 3HF 

Balance the N atoms by placing a 2 as the coefficient of NO,. This gives 2 
N atoms on both sides of the equation. There is 1 Cu atom on both sides 
of the equation, but there are 6 O atoms on the reactants side and 7 O 
atoms on the products side. A coefficient of 2 for O, will balance the 
equation. Multiplication of the coefficients by 2 gives: 

2Cu(NO,),—> 2CuO + 4NO, + O,. 


(d) Balance the Ca atoms by placing a 3 as the coefficient of CaCO . This gives 


3 Ca atoms on both sides of the equation. Balance the PO, ions by 
placing a 2 as the coefficient of H;PO,. This gives 2 PO,* ions on both 
sides of the equation. Balance the C atoms by placing a 3 as the coefficient 
of CO,. This gives 3 C atoms on both sides of the equation. A coefficient of 
3 for HO will give 6 H atoms on both sides of the equation. 

3CaCO, + 2H,PO, —> Ca,(PO,), + 3CO, + 3H,O 


(e) Balance the S atoms by placing a 2 as the coefficient of SO.. This gives 2 S 


atoms on both sides of the equation. There is 1 Fe atom on each side of 
the equation. Balance the O atoms by placing a 5/2 as the coefficient of 
O,. This gives 5 O atoms on both sides of the equation. Multiplication of 
the coefficients by 2 gives: 

‘2FeS, + 50, —> 2FeO + 4S0O,. 


() 2,3,1,3 (9)4,1,1,3. (h)1,3,2,3 (i) 1,1,1,4 (i) 2,31, 20, 22 


10.24 (a) Balance the B atoms by placing a 2 as the coefficient of B,;N,H, and a 3 as 


the coeffidient of B,O,. This gives 6 B atoms on both sides of the equation. 
Balance the N atoms by placing a 3 as the coefficient of N,O;. This gives 6 
N atoms on both sides of the equation. Balance the H atoms by placing a 6 
as the coefficient of HO . This gives 12 H atoms on both sides of the 
equation. There are now 30 O atoms on the products side, so a coefficient 
of 15 for O, will balance the equation. 

2B,N3H, + 150, —> 3N,O, + 3B,0; + 6H,O 


(b) Balance the | atoms by placing a 3 as the coefficient of IBr. This gives 3 | 


atoms on both sides of the equation. Balance the Br atoms by placing a 3 
as the coefficient of NH,Br. This gives 3 Br atoms on both sides of the 
equation. Balance the N atoms by placing a Aas the coefficient of NH3. 
This gives 4 N atoms on both sides of the equation. There are 12 H atoms 
on both sides of the equation. 

3IBr + 4NH, —> 3NH,Br + NI, 


oe 


10.24 (c) Balance the K atoms by placing a 2 as the coefficient of KAISi,O3. This 


gives 2 K atoms on both sides of the equation. Balance the Si atoms by 
placing a 4 as the coefficient of SiO,. This gives 6 Si atoms on both sides of 
the equation. Balance the H atoms by placing a 2 as the coefficient of H,O. 
This gives 4 H atoms on both sides of the equation. There are 2 Al atoms 
and 20 O atoms on both sides of the balanced equation. 

2KAISi,0, + 2H,0 + CO,—> K,CO, + Al,Si,O,; (OH), + 4SiO, 


(d) Notice that oxygen appears in only two compounds in this equation. There 


are 4 O atoms on the reactants side and 3 O atoms on the products side. 
The lowest multiple is 12. Place a 3 as the coefficient of Co,;O,, and a 4 as 
the coefficient of A1,03. Balance the Co atoms by placing a9 as the 
coefficient of Co. This gives 9 Co atoms on both sides of the equation. 
Balance the Al atoms by placing an 8 as the coefficient of Al. This gives 8 Al 
atoms on both sides of the equation. 

3Co,0, + 8Al —> 9Co + 4A1,0, 


(e) There is 1 Al atom and 1 Na atom on both sides of the equation. Balance 


the H atoms by placing a 2 as the coefficient of HO. This gives 2 H atoms 
on both sides of the equation. There are 4 O atoms on both sides of the 
equation. 

Al(OH); + NaOH —> NaAlO, + 2H,O 

Balance the C atoms by placing a 7 as the coefficient of CO,. This gives 7 
C atoms on both sides of the equation. Balance the H atoms by placing a 3 
as the coefficient of HO. This gives 6 H atoms on both sides of the 
equation. Balance the O atoms by placing 15/2 as the coefficient of O, . 
This gives 17 O atoms on both sides of the equation. Multiply the 
coefficients by 2 to obtain the balanced equation: 

2C,H,O, + 150, —> 14CO, + 6H,O. 


(k) Balance the K atoms by placing a 2 as the coefficient of K,SO,. Balance the 


C atoms and N atoms by placing a 6 as the coefficient of CO and a 3 as 
the coefficient of (NH,),SO,. This gives 4 K atoms, one Fe atom, 6 C atoms, 
and 6 N atoms on both sides of the equation. Balance the S atoms by 
placing a 6 as the coefficient of H,SO,. This gives 6 S atoms on both sides 
of the equation. Balance the H atoms and O atoms by placing a 6 as the 
coefficient of H,O. This gives 24 H atoms and 30 O atoms on both sides of 
the equation. 


K,Fe(CN), + 6H,SO, + 6H,0 —> 2K,SO, + FeSO, + 3(NH,),SO, + 6CO 


(9)'12,1,4,6° (h)2,2,2;1,4 . (1,5, 1,2,3> ()1,2;1,2 


(I) 


4,16, 6, 3, 4, 12 


10.25 (k) Hg,(NO,).(aq) +2KCl(aq) —> Hg,Cl.(s) + 2KNO,(aq) 


(I 


CaSO,2H,O -4> CaSO, + 2H,O 


(m) (NH,),S(aq) + CdCl,(aq) —> CdS(s) + 2NH,Cl(aq) 
(n) H3PO; + 3NaOQH(aq) —> Na,PO,(aq) + 3H,O 
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10.25 (0) 2NH,(g) + H,SO, —>(NH,),SO,(aq) 
(p) CS,(/) + 3Cl,(g) —>S,Cl, + CCI, 
(q) Ca;(PO,).(aq) + 3H,SO, —> 2H,PO, + 3CaSO, 
(r) 2NH,(aq) + 3Cu,0 —> N,(g) + 3H,O + 6Cu(s) 
(s) NH,NO,(s) >2H,O + N,O(g) 
(t) Mg(OH),(aq) + Zn(NO3),(aq) —> Zn(OH),(s) + Mg(NOs), 


10.26 (a) Combination: (0); decomposition: (I), (s); metathesis: (k), (m), (n), (q), (t); 
none of these: (p), (r) 
(b) Oxidation-reduction: (p), (r), (s) 


10.28 (a) C +%20,—> CO _ (b) 2S + 30, —> 280, __ (e) P, + 6H, —> 4PH, 
(c) N, O, (d)C,S_ (f) Mg, H, 


10.29 (a) K,0 + H,O —> 2KOH 
(b) BaO + H,O —> Ba(OH), 
() CaO (d) AIO, 


10.30 (a) CO, + HzO —> H,CO, 
(b) SO, + HO —> H,SO, 
(d) SO, + H,O —> H,SO, 
(c) P,Oro 


10.31 (a) MgCO, > MgO + CO, 
(b) 2KCIO, 4> 2KCI + 30, 
(c) 2KHCO, 4> K,CO, + CO, + H,O 
(d) Ba(NO,),-H,O0 > Ba(NO,), + H,O 
(f) 2NaNO, 4&> 2NaNO, + O, 
(e)H,0 = (g) SO, 


10.33 (a) Li is oxidized from 0 to +1 in LiCl. The H in HCl is reduced from +1 to 0 in 
2° 
(b) Si is oxidized from 0 to +4 in SiF,. F is reduced from 0 in F, to -1 in SiF,. 
(c) H is oxidized from 0 in H, to +1 in HCI. Clis oxidized from 0 in Cl, to -1 in 
HCl. 
(d) S is oxidized from -2 to +4. O is reduced from 0 to -2. 
(e) Fe is reduced. H is oxidized. 


10.34 (c) Zn + 2CUNO,(aq) —> Zn(NO3)2(aq) + 2Cu(s) 


10.37. Soluble: (g), (I), (m); insoluble: (h), (i), (i), (k) 
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10.38 (a) To begin, first write individually all of the ions in the reactants: 
NiCl,(aq) + Ca(OH).(aq) —> 
Ni?* Ch Ca?* OH" 
Combine Ni?* with OH" to produce one product, Ni(OH), 
Combine Ca’* with CI to form the other product CaCl, 
Referring to Table 10.4 to determine the solubility of the two products, we 
see that Ni(OH), is insoluble and CaCl, is soluble. 
NiCl,(aq) + Ca(OH),(aq) —> Ni(OH).(s) + CaCl,(aq) (Balanced) 
(b) To begin, first write individually all of the ions in the reactants: 
Hg(C,H30,)2(aq) + K,CO,(aq) —> 
Hg 2 C-r.0,, K CO. 
Combine Hg** with CO,” to produce one product, HgCO, 
Combine K* with C,H,O,- to form the other product KC,H,O, 
Referring to Table 10.4 to determine the solubility of the two products, we 
see that HgCO, is insoluble and KC,H,O, is soluble. 
Hg(C,H30,),(aq) + K,CO,(aq) —> HgCO,(s) + KC,H,O,(aq) (Unbalanced) 
Hg(C,H30,)2(aq) + K,CO;(aq) —> HgCO,(s) + 2KC,H3O,(aq) (Balanced) 
(c) To begin, first write individually all of the ions in the reactants: 
H3,PO,(aq) + AgNO,(aq) —> 
H*PO,* Ag* NO, 
Combine H* with NO, to produce one product, HNO, 
Combine Ag* with PO,° to form the other product Ag,PO, 
Referring to Table 10.4 to determine the solubility of the two products, we 
see that Ag,PO, is insoluble and HNO, is soluble. 
H3PO,(aq) + AgNO;(aq) —> Ag;PO,(s) + HNO,(aq) (Unbalanced) 
H3PO,(aq) + 3AgNO,(aq) —> Ag3PO,(s) + 3HNO,(aq) (Balanced) 
(d) To begin, first write individually all of the ions in the reactants: 
H,SO,(aq) + Al(OH)3(aq) —> 
H* SO,7 Al?* OH" 
Combine H* with OH to form H,O. : 
Combine Al** with SO” to form the other product, Al,(SO,)3. 
Referring to Table 10.4 to determine the solubility of the products, we see 
that Al,(SO,), is insoluble. 
H,SO3(aq) + Al(OH)3(aq) —> Al,(SO,),(s) + H,O(I) (Unbalanced) 
3H2SO;(aq) + 2Al(OH);(aq) —> Al,(SO,),(s) + 6H,O(I) 
(e) (NH,),S(aq) + Bal,(aq) —> BaS(s) + 2NH,|(aq) 
(f) Cs,CO3(aq) + 2HC,H,0,(aq) —> 2CsC,H;0,(aq) + CO,(g) +H,O(!) 
(g) Li,SO,(aq) + Co(NO3).(aq) —> CoSO,(s) + 2LiINO,(aq)  * 
(h) NH,CN(aq) + HBr(aq) —> NH,Br(aq) + HCN(g) 


10.39 (I) 2Fe(C,H,0,),(aq) + 3K,S(aq) —>Fe,S,(s) + 6KC,H,0,(aq) 
(m)NaC,H,0,(aq) + Pb(C,H,0,).(aq) —> no reaction 
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10.39 (n) HgNO,(aq) + 2NH,Cl(aq) —> Hg,Cl,(s) + 2NH,NO,(aq) 
(0) 2Nal(aq) + Ag,SO,(s) —> Na,SO,(aq) + 2Agl(s) 
(p) 3Cs,CO,(s) + 2Fe(C,H,O,),(aq) —> 6CsC,H30,(aq) + Fe,(COg)s(s) 
(q) H,SO,;(aq) + ZRbBOH(aq) —> Rb,SO,(aq) + 2H,O(/) 
(r) MgCl,(aq) + 2AgNO,(aq) —> 2AgCl(s) + Mg(NO,),(aq) 
(s) SLIHCO,(aq) + H;PO,(aq) —> Li,PO,(aq) + 3CO,(g) + 3H,O(!) 


10.41 (a)1 00 ¢- €.Hy. * TEESE * Tot =)=47.7 kJ 
8° "ts 


47.743 y 10003, 1q°C — Cc 
) poy * Thode * AGS x ISG? x hag = 11-4 °C = aT 
Maximum temperature = 25°C + 11.4°C = 36°C 


10.43 (a) C,H, + 15/20, —> 6CO, + 3H,O 
c 1 motGO, x 1 #. -3270kJI =_ 
(c) 154 g EO, x @BOEEQe x Lal GH. x 9270) = -1910 kJ 
(b) -378kJ (d) 1.12 g C,H, 


10.44 (a) Heat is a reactant - endothermic. _(c) Heat is a product - exothermic. 
(b) Endothermic (d) Exothermic hte 


10.47 (f) ...can be a precipitate —(g) ... undergo exothermic reactions. 
(h) «. ‘bonds are formed, . (i) ... electrons are realsed. 
(i) Exothermic reactions release...endothermic reactions absorbe... 
10.48 (c) 2NO + O,—> 2NO, (d) 2NO, + H,O —> HNO, + HNO, 
10.49 (5) CaC, + N, nS CaCN, + C 


(6) CaCN, + C + Na,CO, —> 2NaCN + CaCO, 
(7) 2NaCN + H,SO,—> 2HCN + Na,SO, 


10.50 (b) Ca,(PO,),F + 7H,PO, —> HF + 5Ca(H,PO,), 
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CHAPTER ELEVEN 


STOICHIOMETRY 


1.20 5 N,-meteevles x pz inglecule = 5 O, molecules 
zi 
5 N,metecules x ZNO molecule = 10 NO molecules 
a 
6.02 x 107? N,-meleeules x Pieaceae = 6.02 x 107? O, molecules 
6.02 x 107? N.-meleeules x 7 Be aigiecule = 1.20 x 10% NO molecules 
az 
5.0 mon, x ees = 5.0 mol O, 
5.0 motN, x 4 mol NO = 10 mol NO 
iz 
16.0 gO, x 32050" x ae. x 28.0 Ne = 14.0gN, 
16. 1 mot®, x2 moHNO , 30.0gNO — 
6 0T 8X 7G go. Timer. *~ TmolNe = 20.0gNO 
19.5gNO X ape x LmgtN x ae os = 9.10gN, 
19.5 gNO x symone x smo O2. x32.0 o =10.4g0, 
11.22 (a) | mot€a x {mol Gok mol CaF, = 1 mol CaF, 


(9) 1 mot€a x ymobGef, x 17a CaF, = 78 g Caf, 


11.24 (a) 5.0 mobAt x gmolAlCh, = 5.0 mol AICI, 
(b) 8.0 mot€t, x qn = 5.3 mol AICI, 
(c) 18 mol AICI, — (d) 22 mol AICI, (e) 0.019 mol AICI, 


11.27 (a) 0.44 motfeS, x 7 mol F220 = 0.22 mol Fe,O, 
2 


0.44 motFeS, x G mol $Q,- = 0.88 mol SO, 
Z 


(b) 29.1 motfeS, x TREO = 14.6 mol Fe,O, 
29.1 motFeS, x Aearree, 58.2 mol SO, 
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VW ‘27 (<) 8.200 mot, x Snot FeOs = 1.491 mol Fe,O, 
8.200 mot, x Smal SO, = 5.964 mol SO, 


(d) 19.9 1 mot 2 mol Fe.O, — 
mmotO, Xx TOO minor x oo! Sy co ee mol Fe,O, 
19.9 mmoto, x aoe x Smo, = 0.0145 mol SO, 


(€) 0.00345 mote, x ar = 6.27 x 10“ mol Fe,O, 
0.00345 moto, x 8 mol SO, = 2.51 x 10% mol SO 
2 “TT mobo, aS 


11.28 (a) 17.1 moHKEIO, x 5S moO. ee S2 = 8209 0, 
(b) 1.55 g KEIO, x mol KEIO, x 


3 mol 0, 23 
122 gkele. * mor Kes, ~ °-0190 mol O2 


(C) 6.20 kg KEIO, x ONO S x HSS: * Aa, = 75.9 mol O, 


6.20 kg KEIO, x 1000 x PRG: * Pathe, = 50.6 mol KCI 


(4) 397 mg. X roo sag % BBS x APNG: x [22 REO: 


= 1.01 g KCIO, 


x §3.55.9Cu = 1.76 x 10° g Cu 
(d) 7.92 x 10° mot€v,§ x omer eu. é moby x §3.55q.Cu = 3.02 x 108g Cu 
(b) 970g Cu (c) 0.238 g Cu 


11.30 (a),9.22 mot€v,O x Oo mot€v 


(e) 7.489 x 10°gCu (f) 1.50 g Cu 


= 0.3548 g Ag 
(1 6.22 mem * og ag * ZT PGS © Teel * Pease 


(b) 7.36 x 10° g Ag 


11.31 (a) 0.3811 gAg,© x a! 


= 0.00579 g Ag 
(d) 5.104 x 10*g Ag 


11.33 (a) 33.4 g-€t, x Fetes. x Limo ee. x 165 CH, = .f.69-9 CA 
; a demmorerte 
(b) 9336 g €€t, x q_mgteGs x dmok ee, x Pe Cl, 


= 1.722 x 10g Cl, 
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LRSSic 1 1 moHH4} ,, _1 motCH 16.0 
S402 maHC! > Tonga * GB HE amor nel Tier eH, 2 
= 4.42 x 10“g CH, 


. 4 


= 8.343 x 104g CH, 


1000 1 motGGéi 4 motGh. yx 70.90 
800.0 kg Cel, x TPES x ie eee X Tmabeer, % Veorer” 


= 1.475 x 10°g Cl, 


11.35 (a) 100.0 gXeOF, x ~_motxeOF, x _6 motXeF, x 207.3 
223.39 %eOF, ~ 2 motXeOF, PSE” 
: 078s 9 Ker 


b gHF x ,_motHF x 6 motXeF, x 207 q XeF, — 
Cc AA 1 mot XeF 3 mot tt. 18.02 9 0 
= 1.324 x 10° gH,O 


(4) 3.48 mgXeF tg x J iyottek. x 2 mot XsOF, x 223.4 XeOF, 
: os ; " 25 x 10° gX OF 
= 1.25 x g XeOF, 


= 1.47 x 10° g Xe 

3.48 mgXeF, x roy Sas * WIS ASE! * SEX 20.0-¢ HE 
= 8.96 x 10“ g HF 

1 1 mot XeF 3 mot© 32.0qg 90 

So ore .1G00 me 2207 ater, co metkeks © “emokes 
= 2.68 x 10% gO, 


11.37 (¢) 581.0 gKNO, x 7 moLKNO, x 2 moLKNO, x 85.11 a KNO, 
: s 2 mol Kt 1O5 ai 
= 489.1 g KNO, 
d 1000 1 moHNSO 1 mot 32.00 g O 
| 4.760 ke HNO, x HARES x PPS. * 7 LEBEGs. x 92.00.90, 
= 753.190, 


11.39 (b) 58.5 gSb.S, x mot sb2Se x _3motFe_ , 55.8 8 Fe —~ 289 g Fe 
340 gSb.S, ~~ T motSb,$ : 


2s) 
(c) 94.7 kg-Sb,S, x 1000 ¢ x OSES: * “ToPsees, * 22 g8b 
= 6.79 x 104 g Sb 
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11.39 (d) 5.097 gSb x «mots x LmotSb)S, x 339.5 4 Sb,S; 
é 12 .8 gSb Zee: 


= 7.110 g Sb,S, 


11.40 (a) 569 kt x 10002 x Ticats x ah kcal =136 kcal 


2H,(g) + O,(g) —>2H,O(g) + 136 kcal 
b 
( ) 408 td x 2mott x 2.02 Fe = 2.89 gH, 


2 
408 kd x Zsmrot tte x 32.098 3? = 22.990, 
(c) 2.93 motHH, x ooo = 834 kJ 


2 


(d) 2.93 gO, x 3205 x pe = 52.1kJ 


2 


11.42 (9) 1.00 g-G,H, x Lprebstle x 1.41 x 10° kJ = 50.3 kd 








2° 
(b) 6463 x LW 1 motG.H 28.09 CH "= 
To00d * Ta x iO" 1 meree, 0.0128 9 Gi 
(c) 5.96 gO, x pmotOs. x LAT re Wd = 87.5kJ 
(4) 2.75 keat x 1000 cat x 4.184 3 Lk 1 mot, 28.0 g CoH 
lkeal * Teal ~ 10003 1.41 x 10° © 1 mebeH, 
= 0.229 g CH, 
11.44 (a) 100.6269. x - LTB rs Lede 898 78 
(9) T.001 geaES, mol CaCO 


3 


CaCO, + 178 ue —> CaO + O, 


(b)__ 178k} x 10003 x _leat x kcal — _42.5 kcal 
. mol CaCO, li 4.1843°° 1000 cat ~=mol CaCO 


3 
CaCO, + 42.5 Keal —> CaO + O, 


11.45 AT=41.7°C-23.8°C = 17.9°C 
Mass of reacting solutions = 300.0 g 
300.04 x 17.9°E x 4183 =2.24 x 10°J =22.4k) 
g T ge 


11.46 Heat gained by solution: 


Al e255 A G2 222°C =3-2°C 
100 g x 3.226 x 4.184 = 1.3 x 10°J 
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11.46 Heat of solution = — 1.3 x 10° J 
17.0 ~=13 x 10°) ~~3:0 x 10*3 
AEN 0.75 g-NH, mol NH 


3 3 


11.47 (a) Identify which reactant is limiting by comparing the number of moles of 
each one. 


1.53 x _Lmoel H) = 0.757 mol H 
oth X 207 gH; , 
126 gt, X 2ST = 0.496 mol I, available 


0.757 motH, x eee = 0.757 mol |, required 


|, is the limiting reactant ‘Bacaute there is not enough I, to react with all of 
the H,. 


0.496 moH, x <meltt x 128qg Hl = 127 gHI 
2 
(b) 8.87 gH, Xx TOs =4.39 mol H, 
1025 gt, x Teo = 4.039 mol I, available 


4.39 mot, x Tee = 4.39 mol I, required 

I, is limiting. 

4.039 moH, x 2motHt x 127.9 q Hl = 1033 g HI 
2% Sort 1 molt a 

(C) 0.3462 gH, x Wore ets = 0.1717 mol H, 

45.92 gt. X Tito = 0.1809 mol |, 

0.1717 moH4, x mol : = 0.1717 mol I, used 

0.1809 mol |, - 0.171 bes |, = 0.0092 mol I, remain 

0.0092 moH, x ee 3 = 2.3 g |, remain 


11.49 (a) What is the limiting reagent? 
970.0 gNaGt x sere se = 16.60 mol NaCl 
970.0 gH,S$O, x Wes aS. = 9.890 mol H,SO, 
+ ‘ 
16.60 motNeGt x fmol HSO. = 8.300 mol H,SO, required 
NaCl must be the limiting reagent since enough H,SO, is present to react 


with all of the NaCl. 
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11.49 (a 1 
(a) S60) saan ree ee meee = 1179 g Na,SO, 
(b) 35.7 gNacG x aoe = 0.611 mol NaCl 


21.9 gH,SO, x Feo tee = 0.223 mol H,SO, available 
0.611 motNaGt x aime sO. = 0.306 mol H,SO, required 
H.,SO, is the limiting reagent. 


0.223 motH.SO. x ImeHNa,sO 142 g Na.sO, — 
250, X > ere SEO. x TSN Os 31.7 g Na,SO, 
(c) 12.2 kg-NeGt x ee 900 ¢ x Bee Neer mol NaCl = 209 mol NaCl 


9.75 kg H,SO, x 1000 ¢ x Te Heo. = 99.4 mol H,SO, available 
2 2 4 


209 motNect x mol FSO. = 104 mol H.SO, required 
The limiting reagent is H,SO,. 
99.4 motH,SO, x ~2metHet yx 36.5g HCl = 7,24 x 10° g HCI 
Oe XT mot HSO,.. TmetHebemncise att ad 
(d) The mass of NaCl reacted is: 
9.4 motH,SO, x 2mol NaCl = 199 mol NaCl 
99.4 morTSOx XT oH SO, 
209 mol NaCl — 199 mol NaCl = 10 mol NaCl left. 
10 motNaGt x 58.4g NaCl = 5.8 x 10? g NaCl 


/ 


11.51 (a) First write the balanced equation. 
Na,CO, + 4C + N,—> 3CO + 2NaCN 
Identify the limiting reagent. 


36.5 g€ X OSE = 3.04 mol C 


1 mol Na,CO, = . 
81.4 gNa,GO, X 10S gNaco, 0.768 mol Na,COs available 
3.04 mot€ xX 1 mol NaC, = 0.760 mol Na,CO, required 


The limiting reagent is C. 
3.04 mot€ x 2 moi Meek taGN x 49.0g NaCN = 74.5 g NaCN 


(b) 3. x Lmoth, x 28.09N, = 21.3gN 
3.04 mok€ x pore” “T meth a 


11.52 (a) First write the balanced equation. 
C,H, + Cl, —> C.H;Cl + HCI 
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1 motG.H, y 1 H.C} y 112 gq C.H.Cl 
11.52 (a) 13.0 EH, x yy Eetls x Tore x Toe 
= 18.7 g C,H,Cl 
(b) % C,H;Cl = (actual yield/theoretical yield) x 100 
= (10.4 g/18.7 g) x 100 = 55.6% 
(c) First calculate the theoretical yield. 
SEH X Feo eee x Tee = [12g ee 
= 4.12 g C,H,Cl 
64.3% = (actual yield x 100)/4.12 g C,H,Cl 
actual yield = 2.65 g C,H,Cl 
(d) First calculate the required theoretical yield. 
59.2% = (4.92 g C,H;C1 x 100)/theoretical yield 
theoretical yield = 8.31 g C,H,Cl 
Calculate the mass of C,H, required to form 8.31 g CHCl. 
Sg CPCS 1 mere more ss 
\ = 5.79 g Caz 


11.54 First write the balanced equation. 
CaCN, + C + Na,CO, —> CaCO, + 2NaCN 
(a) Calculate the required theoretical yield. 
70.1% = (2.953 g NaCN x 100)/theoretical yield 
Theoretical yield = 4.21 g NaCN 
Now calculate the mass of CaCN, required. 


: 2 


2 = 3.44 g CaCNn, 
(b) 83.9% = (40.47 kg NaCN x 100)/theoretical yield 
Theoretical yield = 48.2 kg NaCN 


48.2 kg-NaGN x ee J_mot heen x] moreren 
x 80.0 oe = 3.94 x 10‘ g CaCN, 


11.55 (a) 10.0 mtsoin x 0.400 motNa,GO, y 1 motFe€O, yx 1169 FeCO, 
~ 1000 misoin° ~ TmorNa,CO, ~ “T merneees 


3 
= 0.464 g FeCO, 


(b) 14.0 mi-soin x 0.444 motNa,CO, x 1 motFeGO, y 116 qFeCO,, 
~ 1000 mEsoin" “ “T mot Na,GG, ~ “T merreeo 


3 
= 0.721 g FeCO, 
(c) 31.7 g FeCO, 
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11.56 (a) 10.0 mtsoin x 0.400 motNa,€O, . _ tmotEO 44.0 g CO 
as “We0Oumktola f° RON. eT mer ee: 
# 2 Ss : 


= 0.176 g CO, 
(b)0.274gCO, (cd 12.0g CO, 


11.57 (a) The balanced chemical reaction is 
KOH + HNO, —> KNO, + H,O 

5.00 mE HNO.-seln x —0.122 mot HNO 1 moHXOH 

3 T000 mE-HNO,seln ~ 1 moHHNO, 


3 


x 1900 mt KOH soln = 6.10 mL KOH soln 


(b) The balanced chemical equation is 
2KOH + H,SO, —> K,SO, + 2H,O 


5.00 mE-#.SO.-seln 0.122 moH4.$O 2 moHKOH 
20's SOI" X 1000 mi-H,50,sein © 1 motH,SO, 


x 1900 mL KOH soln = 12.2 mL KOH soin 
(c) 18.3 mL KOH soln 


11.58 HNO, + NaOH —> NaNO, + H,O 
(a) Determine the limiting reagent. 


_ 75.0 mt-NHO,-selution x TOO ea = 0.0116 mol HNO, 
3 
75.0 mt NaOt-solution x TOS ne MO on = 0.0116 mol NaOH 


‘ Since the stoichiometric number of moles are present either one may be 
used to determine the amount of NaNO, formed. 


0.0166 moHHNe, x mot ras x 85.0g NaNO; = 0.988 g NaNO, 
3 3 


(b) Determine the limiting reagent. 
65.0 mt NaOH solution x p770-165 mel NaOH = 0.0107 mol NaOH 


0.0107 motNa@H x mel HN: = 0.0107 mol HNO, required. 
NaOH is limiting. 
0.0107 motNaGH x {mother x 85.0g NaNO; = 0.912 g NaNO, 
s 
(c) 0.988 g NaNO, 


11.60 The balanced chemical equation is 
Ba(NO,), + K,SO,—> BaSO, + 2KNO; 


1 motbaSO, yx 1 1000 mL Ba(NO.). soln 
50.0 gBaSO, x 433°5-Ba50, ~ 1 she x 150 mot Bao. 


= 238 mL Ba(NO,), soln 
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11.63 


11.65 


11.67 


1 mot €a€6, x _]1 mot€aO_ yx 1 
3 3 


(") 544 g Ea€O, x 1yRerESESs x met Coe. : 
24.0 q etSH OH), = 403 g Ca(OH), 
Zz 
(b) Calculate the theoretical yield. 


53.3 kg-Ea€O, x 198 x To eses: x img £2. 
3 


3 


L mot eatOH}, x 74.09 CafOH), = 3.94 x 10* g Ca(OH), 
2 


= theoretical yield 
% Ca(OH), = (actual yield x 100)/theoretical yield 
71.1% Ca(OH), = (actual yield x 100)/3.94 x 104 g 
actual yield = 2.81 x 10* g Ca(Oh), 


First identify the limiting reactant. 
7.80 ¢KMn®, x TSS eS. = 0.0493 mol KMnO, 
4 


42.7 g Kt x Tee = 0.257 mol KI available 
19.3 gH,SO, x BUG He - = 0.197 mol H,SO, available 


0.0493 moHkMn®, x emo Kl = 0.396 mol KI required 
4 
0.0493 moHiMin®, x x mol MSO. = 0.197 mol H,SO, required 


4 
From these calculations you can see that KI will be the limiting reagent if 
sufficient H,SO, is available to react with it. 


0.396 molt x Smol HSO, =0.317 mol H,SO, required 
10 moti 2 
H,SO, is the limiting reagent. 


0.197 motH,SO, x - moHt=8e. x 1749 K a = 25.7 gK,SO, 
2 4 4 

0.197 motH,SO, x g molansO. x 1s] MnsQ, = 7.43 g MnSO, 
2 4 4 

0.197 motH,SO, x reais: x 5 Lb =31.2g1, 
2 4 2 


(a) First calculate the theoretical yield. 
66.9% SF, = (37.8 g x 100)/theoretical yield 
Theoretical yield = 56.5 g SF, 


56.5 oS, x Topege x Smoksee x 193 Ser = 162 g SCI, 
1 motSF 4 motNaf , 42.0q NoF — 
96.9 SSF X tog cert * morse. * Tnebregr = 87-8 g NoF 
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11.67 (b) Identify the limiting reagent. 


11.69 


11.70 


11.72 


*250.99 gSEt, x —lmol SCl,_ = 2.4376 mol SCI, 
102.97 gSEt 


2 


136.22 gNafF x 7-88 CGF = 3.2443 mol NaF available 


2.4376 motS€t, x 3a = 3.2501 mol NaF required 


NaF is the limiting We Bake 


3.2443 motNaF x mot St, x 108.05 g SF, = 87.637g SF, 


THeohiice! yield = 87.637 g SF, 
66.9% SF, = (actual yield x 100)/87.637 g SF, 
Actual yield = 58.6 g SF, 


First write the balanced equation. 
2HCI + CaCO, —> CaCl, + CO, + H,O 
Calculate the mass of CaCO, that reacted to form 0.303 g CO . 


0.303 g EO, x OG eS; x] Moree: x [OS EES: 


= 0.689 g CaCO, 
% CaCO, = (0.689 g CaCO, x 100)/1.000 g sample = 68.9% CaCO, 


, % CaSO, = 100.0% - 68.9% CaCO, = 31.1% CaSO, 


~ 


If we represent the formula of the cobalt oxide by Co,O,, the balanced 
equation is 

Co,0, + yH, —> xCo + yH,O 

Values for x and y can be determined by converting the masses of H, and 
Co to moles. 


5.54 gH, x ee = 2.74 mol H, = y 
: 2 
108 g-€o x peg 0 = 1.83 mol Co = x 


The formula for the compound is Co, 302 7, 

To obtain whole numbers divide each subscript by 1.83. 
1.83 mol Co/1.83 = 1.00 mol Co 

2.74 mol O/1.83 = 1.50 mol O 

1.00 mol Co x 2 = 2 mol Co 

1.50 mol O x 2 = 3 mol O 

The formula is Co,O, 


AT = 24.1°C — 22.2°C = 1.9°C 
Heat gained by the solution is 
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° 4.183 hadehes ee 
11.72 WO rape IEG Xcess 0.79 kJ 
Heat lost by 0.750 g KBr is - 0.79 kJ 


30. 1g Br -0.79kJI ~ -85kJ 
mol KBr 0.750 g KBr = mol KBr 


11.73 (a) H,C,0,(s) + ZNaOH(aq) —> Na,C,O,(aq) + 2H,O(!) 
(b) Determine the limiting reagent. 


5.07 gH,€,©, x OO SHeS = 0.0563 mol H,C,O, 


Zeal 


40.5 mtsotn x 2,90 mol NaOH = 0.101 mol NaOH available 


0.563 motH,G,0, x fp amgi ison = 0.113 mol NaOH required 


2204 
NaOH is the limiting reagent. 


0.101 moHNaGH x Jmol Na.G0. x 134 Na Ga. = 478 g Na,C,O, 
ee 
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CHAPTER TWELVE 


GASES 


12.29 (a) 752 torr + 47.1 torr = 799 torr 
(b) 752 torr - 53.4 torr = 699 torr 
12.31 (a) 4.04 x 10? kPa x igol os = 4.04 x 10° Pa 
b 3 1000 Pa 1 atm 760 torr — 4 
(5) 4.04 x 10° kPa x x gin . x FOU torr = 3.30 x 10* torr 


1 kPa 
(c) 39.9 atm (d) 3.03 x 10* mm Hg 


12.32 (a 760 torr — 
(a) 2.953 atm x outer =2244 torr 
(b) 2.992 x 10°Pa_ (c) 299.2 kPa 


ae 


12.33 (a) 784 mmHg x —Ltorr_ = 784 torr 


c 1 torr Latm y 101325 Pa — 5 
(¢) 784 mnrHg x ,1 torr rx op aim x 101325 Fa = 1.05 x 10° Pa 
(by 1:03 atm = (d) 105 kPa 


12.34 Latm , 101325Pa y_1kPa_ — 
(C) 9282 torr x see, x LOISZa Fa x G5 = 1238 kPa 
(a) 12.21 atm = (b) 1.238 x 10° Pa 


12.36 (a) V2 in’ x 140 Ib — 2.12 x 10° lb 





vee x latm y 760torr — 3 
pst ie ae 1.50 x 10° torr 


12.38 (a ] 0.910 L-atm = 9 362 L 
( Leet ea 0 


(b)0.149L (c)20.3L (d) 2.12L 


12.41 Use Boyle’s law with V, = 73.5 cm’, P, = 296 atm, and P, = 1 atm. Solve 
for V.. 
V,= v, x (P,/P.) = Js. 5 cm® x (296 atm/1 atm) 
= 2.18 x 10* cm® 


B 


12.44 (a) Use Boyle’s law with V, = 1204 mL, P, = 1.000 atm, and V, = 1000 mL. 
Solve for P.. 
= (P, X V,)/V2 = (1.000 atm x 1204 mt)/I000 mt = 1.204 atm 
(b) Use Boyle’s law with Vi = 1204 mL, P, = 1.000 atm, and V, = 340.5 rnL. 
oor for P.. 
= (P, x V;)/ V> = (1.000 atm x 1204 mt)/340.5 mt = 3.536 atm 


(c) ; 03010 atm (d) 0.1964 atm 


12.50 (a) Use Charles’ law with V, = 9.35 L, T, = 282 K, and T, = 149 K. 
Solve for V.. 


V, = (V, x T.)/T, = (9.35 L x 149 K)/282 K = 4.941 
(b) V, = 9.35 L, T,= 282 K, T, = 596 K. Solve for V>. 
V, = (9.35 L x 596 K)/282 K = 19.8 L 


(c) V, = 9.35 L, T,= 282 K, T, = 298°C + 273 = 571 K. Solve for V>. 
V, = (9.35 L x 571 K)/282 K = 18.9 L 


ees 282 K, T, = 273 - 65°C = 208 K. Solve for V>. 
= (9.35 L x 208 K)/282 K = 6.90 L 


12.52 (a) Use Charles’ law with V, = 5.74 L, T, = 273.2 + 10.0°C = 283.2 K, and 
V, = 10.0 L. Solve for T,. 


T, = (Vz x T,)/V, = (10.0 & x 283.2 K)/5.74 L = 493 K 
(b) 296K (c) 750K 


12.54 (a) An increase in P, with T constant, will result in a decrease in V. A decrease 


in T, with P constant, will result in a decrease in V. Both of these changes 
produce a decrease in V. 


(c) A small increase in P, at constant T, will result in a small decrease in V. A 


larger increase in T, at constant P, will result in a larger increase in V. The 
net result is an increase in V. 


(b) Vincreases (d) V decreases 


12.55 Use the combined gas law with T, = 273 K, and P,= 1 atm. Solve for V.. 
V,= V, X (P, /P2) x (T./T,) 
(a) T, = 273 + 58°C = 331K 
ee 7.61 atm yx 273K — 
V. Ot a ak 37.0 L 


a 1000 Pa aim... | 
(c) P, = 446 kPa x “T kPa * TOSS Fe 4.40 atm 
a 4.40 atm x 273K — 
V,= 0.446 L x Tam * 307% 2.36 L 
(b) 314 cm*® = (d) 274 L 
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12.56 Solve the combined gas law for V, 
Y,= V, X (P,/P2) X (T./T,) 
(2) v,= 0.619 L x oem x Bee = 0.150L 
(c) The units must be changed so that they are consistent. 
V,=1.75t x 1990 mi. = 1.75 x 10? mL 
T, = 273.2 + 30.8°C = 304.0 K 
a latm , 101325Pa, 1kPa — 
P, = 476 torr X ator * Taim ~~ * 1000 Pa 63.5 kPa 
V,=V, x (P,/P.) x (T./T,) 
3 63.5 kPa x 310K — 
= 1.75 x 10 Lx Bewee * 2040K — 271 mL 


(b) 1.18 x 10? mL = (d) 9.68 x 10° cm? 


12.57 Solve the combined gas law for P, 


P,= P, X (V,/V2) X (T,/T,) 
(a) °C must be converted to K. Ew 

T. = 273.2 + 23.5°C = 296.7 K 

T, = 273.2 + 52.2°C = 325.4 K 

P, = 1.79 atm x a x Sess = 4.02 atm 
(c) °F must be converted to °C and then to K. 

1°C = 5/9(°F - 32) 

For T,, °C = 5/9(-23°F - 32) = - 30°C 

K= nibs 30°C = 242 K 

For T,, °C = 5/9(35°F — 32) = 

K = 273 + 2°C = 275 K 

P, = 912 torr X S7.8t x aed = 838 torr 


(b) 6.27 x 10°Pa (d) 8.32 x 10“ atm 


12.59 dt Tmol — 

(2) 372 mt x top y eae X BIEL = 0.0166 mol 
d s Im , 1000t x Imol = 1.14 x 10’ mol 
(4) 2.551 mm® x Tg x Ss X oo at mo 
(b) 0.933 mol (c) 1.83 x 10” mol (e) 367 mol 


12.60 (a) 1.94 g NH; ee x 7 P2bbes = 2.55 L 
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12.60 (b) 1.18 x 10“L (c)5.57 x 10°L (d) 0.186 L 
12.61 (a 1 motN.O , 44.0gN,0 = N, 
(2) 0.0304 EN,© x Tt ENS x ANS 0.0597 gN,O 


c 8 1000 t ,, _1 moté,H, , 26.0 g CH, 
(C) 0.916 m*-C,H, 2 x ee x aoe * 4 a 

= 1,00 x 107.g'CH, 
(b) 241 gHCI (d) 0.09917 g UF, (e) 2.016 x 10? gKr © 


12.62 First calculate the volume that the gas would occupy at STP. Then correct 
the volume to the stated conditions. 


(b) 5.44 kg-EHF x 1000 9 x AeRtSe x 72244. =2.24 x 10° L at STP 


Solve the combined gas law for V,. 
V2 = V, X (P;/P2) x (T./T,) 


= 3 760 torr y 333K — 3 
V,= 2.24 x 10 LX Tog tor X STK 2.60 x 10° L 
(a)6.33 x 10°L  (c) 4.10 x 107 L 


12.64 (a) stele v foal ih 3.154 Cl, 
(b) HGS. x $4.0.9.60, ra 35.960, 


(c) 5.86 g/L (d) 1.96 g/L (e) 6.67 g/L 


12.65 (a) P = nRT/V 
P = mot x Exatm x x 1 =atm 
(b) n = PV/RT 
n= atm xt x MOlxXK x 1 = mol 
()T=K (d)VEL 


i 


12.66 (a) 0.0821t-atm , 1000 mL — 82.1 mL-atm 
mol-K 1E mol-K 


c) 0.0821 t-atm , 10 dL y 101325 Pa 1kPa — 83.2 kPa-dL 
Se moFi OPE TT Sime * Ted ws oer 


(b) 62.4 cm*-torr/mmol:K —_(e) 0.0624 m?-torr/mol-K 


12.67 (a) Solving the ideal gas equation for V: 
V = nRT/P 


V = 2.36 mot x 9.0821 tegtm x 711 « x 77h = 79.6L 
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12.67 (a) —_ Using the factor-label method: 


(b) 3.62L (c) 7.02 L 


12.68 (b) Solving the ideal gas equation for n: 
n = PV/RT 
Change the given units to those that correspond to the units of the ideal 
gas constant. 
V=29.4mt xb _ = 0.0294L 


T000 mt 
P= 397 kPa x TODS x ro g9S bs = 3-92 atm 
T = 273.15 + 9.06°C = 282.21 K 
n = 3.92 atm x 0.0294 t x 7 pL molK x SEIT RK = 0-00498 mol 


Using the factor-label method: 
29.4 mt 1t 397 kPa , 1000 Pa 1 atm 1 
oh = 1000 me lo 1 Pe 1 ceo tak Dae 
“TLmok 
oat eS, = 0.00498 mol 
(a) 0.0112 mol = (c) 0.0406 mol 


12.69 (c) Solving the ideal gas equation for P: 
P = nRT/V 
, Change the given units to those that correspond to the units of the ideal 
, gas constant. 


= oe nes 1000 L = 
V = 1.08 dm? x Lm, x 1000.1 = 1.081 


i 0.0821 t-atm let 
P = 0.00299 mot x =o 107.4 K x Tost 0.0244 atm 


Using the factor-label method: 
Ly 10°dm? x 1m? x 0.00299 mot x 107.4 K x 0.0821 t-atm 
1.08 dm* 1 m 1000 £ ] ] 1 mot-K 





= 0.0244 atm 
(a) 14.8 atm = (b) 24.2 atm 


12.70 (a) Change the given units to those that correspond to the units of the ideal 
gas constant. ayes 
a aim — 
P = 743 tor X "760 tor 0.978 atm 


T= 273.2 + 21.6°C = 294.8 K 
Find the number of moles of gas by solving the ideal gas equation for n. 


a = 1 mol-K ] 
n = PV/RT = 0.978 atm xX 2.17 X posst bam * 204.8% 


= 0.0877 mol 


di 


q 


+ 

. 

F 
a. 
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